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PREFACE 


Dubing the past four years the erection of factory buildings has 
been the chief source of work for the building trade of this 
country, and it might bo assumed that the supply of industrial 
buildings will be equal to, if not greater than, any demand that 
is likely to be made m the immediate future 

This may be true of woiks connected with the engineering 
and allied trades, but it should be remembered that many trades 
having little direct connection with munition work have beta 
almost idle during the “ W&r period,” and with the return of 
normal conditions and the opening of new markets an expansion 
of their output is certain „ 

The advantages that have accrued to\ firms possessing woiks 
planned, for the purposes for which they are used has caused 
many employers to realize the urgent need of a reconstruction 
of their own premises, and if a new era of prosperity is to be 
the aftermath of the War, the reconstruction ’of existing pre- 
mises, or the erection of entirely new works, will m many cases 
be a necessity for the progressive firm or corporation 
\ The "absence of a short book dealing with modem factory 
design has been for long remarked upon by architects, manu- 
facturers, and many persons connected with industrial buildings, 
and whilst most classes of structures can boast several volumes 
devoted to their construction and development, the factory, 
which is the cradle of industrial supremacy, has been almost 
neglected 

In the preparation of the book the author has endeavoured 
to give but the essential principles governing the design of this 
class of buildings, as the detail questions of construction in- 
volved have been fully dealt with m other publications or are 
al reaxly familiar to the reader* 
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PBEFACE. 


Thanks are due to the authors and users of the various 
buildings illustrated and described, and especially to J Alban 
Scott, Esq , for permission to reproduce Pig 12, on page 29, 
from his work “ Reinforced Concrete in Piactice,” which will 
be of great assistance to architects using this form of construc- 
tion m the course of their practice 

Acknowledgment must also be made to “Concrete and 
Constructional Engineering” for permission to quote from 
various articles which have appeared m that magazine 

ERNEST G W SOUSTER. 


13 John Street, A Delphi, 
London, W 0 2, January , 1919 
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CHAPTER ] 


GENERAL CONDITIONS RELATIVE TO FACTORY AND INDUSTRIAL 

BUILDINGS— THE CHANGED OUTLOOK OWING TO THE WAR — 

SPEEDING UP OF PRODUCTION AND THE INTRODUCTION OF 

WELFARE WORK 

The point of view from which the design of factories and industrial 
buildings is approached has greatly changed during the past few 
yeais. 

This change has been biought about by three causes^ Moie 
thorough organisation, the influence of Factory Acts legislation 
and building bye-laws, and the spiead and influence of Welfare 
Work 

Previous to 1914 progress was relatively slow, and although it was 
beginning to be realized that a building planned for the work to be 
carried out m it led to increased production, the average employei of 
labour looked askance at all factory legislation Welfare woik as 
now under stood was assumed to be a subject interesting lor discussion 
by University Extension lecturers and similar bodies, but fai too 
Utopian to be dreamed of as a pait of the normal iactoi y develop- 
ment 

The" Arms that made a study of the welfare of then workers were 
the exception, and when the creation of centres such as Bournville, 
Port Sunlight, or York was discussed, the consensus of opinion seemed 
to be that such treatment of the workeis would, if universally intro- 
duced, lead to such bankruptcy of national industries that foreign 
manufacturers would capture all our markets. 

To-day, on the contrary, welfare work has become a normal part 
of the factory organization, and the larger firms are now vying 
with each other m the advantages that they can provide for their 
employees 

But to return to the factory itself; the immense orders placed 
by Government departments for munitions of war, the control of 
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works, and the speeding up of production have caused the employeL 
to see that the old-fashioned type of building with additional rooms 
or blocks added just as they were needed at the time cannot but im- 
pede the speedy production of goods, and has led him in many cases 
to throw overboard his old prejudices and start afiesh as far as 
building conditions in war time will allow him 

Apropos of this, Mr Asquith m his speech at the Mansion House 
on 3 August, 1916, full} expressed these facts when he said , “ A 
large number of British industries have shown extraordinary enterprise 
and resourcefulness since the war bioke out . calling in all the 
available and mechanical lesouices of the country for the purpose of 
increasing output and improving organization In certain trades, I 
am told, and I am suie it is tiue, already changes have taken place 
which amount to a positive revolution, and theie is scarcely an industry 
m this countiy which has come out of the ordeal of war without being 
braced and stimulated by the special difficulties that had to be sur- 
mounted *' 

Since this speech was made thousands of woi leers have been with- 
drawn from the ranks of labour, but in spite of this the nation has 
become more self-supporting, trade has expanded, and industry become 
more intensive and productive 

The old saying that “John Bull is asleep and will never wake 
up ” has been given the lie, and the close of the wai will find industry 
fully awake to the possibilities that he before it In this renaissance 
of industry the worker will insist upon better working conditions, and 
when the manufacturer, lealizmg this, also realizes that modem 
buildings will give him an advantage over competitors working in 
out-of-date structures, the rebuilding and reconstiuction of factories 
will become as much a necessity as the introduction of the latest 
labour-saving devices 

The out-of-date factory consisted of a space enclosed by walls, 
here and there pierced with small windows Piers sometimes j)ro* 
jected externally, but often, on the contrary, into the rooms, with the 
result that a long row of machines had to be placed so much fuither 
m from the walls as the piers piojected. Columns and supporting 
piers were placed without any regaid to the use of the structuie, and 
m such a building the maximum of production could not take place 
with the minimum of cost 

Against this let us set the factory of the future, which will be 
planned to suit the requirements of the trade to be carried out therein; 
and as analysis of expenditure proves that standardization applies to 
building as well as to manufacturing, the general design known as 
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the ,c Unit” system will become, as far as the site allows it, a sme 
qua non of a successful enterprise. 

With this will be incorporated the provision of the maximum 
daylight surface, for here again analysis of expenditure would often 
prove that the cost of pioviding sufficient artificial light has added 
in the past an appieeiable peicentage to the costs of the goods manu- 
factured. 

Another lesson that the war has taught and impressed upon the 
manufacturer is that successful organization, supervision, and co- 
ordination of work can only be effected where one department is 
placed in proper relationship to the others, and where the possibility 
of extension is allowed for. 

In the past many a building was arranged in which each depart- 
ment was m proper lelationship to its fellows, and occupied the floor 
area that it required , and all was well so long as business was normal 
and annual production kept to the same level. When, however, tiade 
expanded one department encroached upon another, sheds or blocks 
of buildings were added as they were needed, but without any settled 
idea as to where the next addition would be placed ; and to-day the 
result is chaotic. 

It is very raie for a manufacturer to desire his turnover in ten 
yeais’ time to be what it is to-day, and if, as is frequently stated, the 
future will be m the hands of the large films and corporations, it 
behoves all manufactmers thinking of erecting works to look five or 
ten years ahead, and to have a general scheme piepared that will pro- 
vide for extensions and at the same time allow space for unforeseen 
developments that may take place. 

By plotting on squared paper the business done for the past few 
years, making such allowances as can be assumed, a fairly reasonable 
idea can be gained as to future needs, and where the new structure is 
of standardized unit bays, machinery and shafting can be moved for- 
ward into the new spaces and still occupy the same relative position 
in the building. 

Where such a general scheme is prepared the bays at once required 
can be straightway erected, and where extension will be made the last 
piers built to receive the futuie load and the spaces between filled in 
with the lightest walls allowable that will keep out the weather. 

The results of such general plan will often save many heavy 
future expenses; for example, heating chambers will be built large 
enough to receive future boileis necessary, and stairs and escape ways 
will not be built where lines of shafting and communication will be 
required. 
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Many such mistakes are met with and could be adduced as 
evidence, but the following will be sufficient 

In the first case a factory was built adjoining vacant land upon 
which an option was secured A buck-enclosed escape stairs was 
built abutting on rear wall, and when the inevitable extension occurred 
these staus would have occupied a space in the centie of the whole 
block and have interfered with supervision The result was that a 
few years after the building of the first block these staiis had to be 
pulled down and re-erected on the side wall only 40 ft fiom their 
oiigmal position 

In the second case drams for front building were laid close to 
surface, and when the real building was erected the drains had to 
be taken up and re-laid at a deeper level at a cost of several hundred 
pounds, quite apart from the fact that access along side loadway 
leading to works was interfered with 

Whilst dealing with the question of extensions, it may be wisely 
pointed out that if possible allowance should be made for placing 
the canteen and other welfare buildings, the research building, and 
often the administrative block outside the factory proper 

When canteens were first introduced they were often placed m 
some vacant corner of the works, and under such conditions con- 
venience of working them was pei force difficult 

To-day they are still often designed and placed m the building 
and m proper relationship to the workers, but there is no doubt 
that the ideal position for them is outside but near to the building 
itself 

The increasing provision of rest-rooms, games-rooms, and 
libraries, m addition to the dining-room, and the extending use ol 
such 100ms by employees after working hours is tending to evolve 
a new type of Workers* Club, and such a building must be placed 
outside and entirely cut off from the manufacturing part of the 
building 

The ideal position is therefore adjacent to the factory but close 
to the public road, and direct exits should be piovided to the 
latter 

To a certain extent the same remarks apply to the research and 
laboratory buildings in which experiments requiring freedom from 
vibiation and occupying many hours or days may be carried out. It is 
not always convenient for the mam building to be kept open until 
the research worker has finished some lengthy experiment, and these 
reasons alone point out the necessity of making them distinct struc- 
tures 
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Working Floor 
Area of Factory 
m Sup, Feet 


4-Stoiy Factoiy, 
30 Feet Wide, 
Insido Dimen- 
sion. 


5-Story Factory, 
50 Feet Wide, 
Inside Dimen- 
sion 


Single Stoiy, 
Weaver Shed 
Roof 


Single Story 
with Gallery 


5,()00 

100 — 

75 

95 

10,000 

— ' 97 

75 

90 

25,000 

— 94 

70 

88 

50,000 

- 87 

03 

82 

100,000 

— 82 

01 

70 

Fig 

l. — Percentage costs of various 

types of factories. 




CHAPTEE IX 


THE MAIN TYPES OP INDUSTRIAL BUILDINGS 

Before turning to the consideration of the site and building, it will 
be useful to review the types of structures that are used for industrial 
structures, foi although sometimes two types may be equally suitable, 
that selected will have an influence on the choice of the site. 

Buildings for mdustiial purposes may be divided into the follow* 
ing mam classes — 

1. The building of several stones. 

2 The single story building generally roofed with weaver-type 
principals and top lighted. 

3 The single stoiy as above but with galleries around the 
walls 

4. The machine shop type of stiucture used for heavy engineer- 
ing works, shipbuilding yaids, etc. 

5. The specialist type of building, such as bakeries, silos gas- 
works, etc 

6. The store and warehouse building 

7. The research building. 

8. Canteens and geneial welfare buildings. 

The above classes could be still fuither subdivided, but such 
grouping will be » sufficient for our purpose, and this volume deals ex- 
clusively with classes 1, 2, 3, 6, 7, and 8, for buildings comprised 
under classes 4 and 5 raise pioblems that cannot be dealt with in a 
general manner or m such a small compass as this book allows. 

General Considerations of Classes i, 2, and 3.— The build- 
ing of several stories was almost universal until twenty years ago, 
when the influence of American ideas gave a great impetus to the 
erection of single stoiy buildings which could be controlled from an 
office raised several steps above the floor and known to the workers 
as the “ lighthouse " 

The difficulty of moving goods fiom one floor of the building to 
another and the vibration set up by machinery played a great part 

( 6 ) 
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m populaiizmg the single story structure, but the introduction ol 
lifts giving easy access from one floor to another and capable of 
taking compaiatively heavy weights has solved the first difficulty. 

As to the question of vibration , modern methods of construction 
have 1 educed this to a minimum. Opinions still differ as to whether 
the most delicate operations can be earned out m buildings portions 
of which are subjected to violent shocks from heavy machines, but if 
sufficient caie is taken in the design of the structure most industries 
can be carried on as well m a building of several stories as m one of 
a single story. 

Where the factory is situated in the heart of a manufacturing 
town the cost of the land will favour the several story building, whilst 
in the country, where land is cheap, the tendency will be towards a 
single story building with perhaps a gallery around the walls. 

This last type is, 1 educed to its elements, the single story built 
with gi eater height to the underside of its principals and with a 
gallery around its walls. It is common m aeroplane works and m 
factories where a number of parts are made at the sides and come 
together in the centre for assembly. 

The whole of the suppoits should be in the external walls and at 
the edge of gallery, leaving the centre quite free of obstructions 
This can be arranged where distances between the galleries do not 
exceed 80 ft. by forming the roof principals in the web of lattice 
girders or resting on deep beams. 

As regards the comparative cost of the three types of structure 
the table (Fig. 1) above gives an analysis of typical buildings of each 
class based on pi ices current in 1914. 

The factories were 30 and 50 1‘t. wide for the several story build- 
ings and twice the depth of frontage for the single and galleried 
ones, the gallenes being 20 ft. wide in all cases. 

For buildings of several stones, floors were all 14 ft floor to 
floor with roof over top story, as shown in Fig. 2. 

For single story buildings the height from floor, the underside tie 
of principals was 12 ft 6 ins. and span of principals about 20 ft. 
For galleried buildings the height from floor to floor of gallery was 
13 ft and from gallery to tie of principals 12 ft., the span being 
as for the single story 

Buildings were calculated for as having brick walls, concrete 
floors, and steel construction for stanebeons, beams, and principals. 

In the table a figure of 100 is taken to represent the most ex- 
pensive of the three groups, and the relative costs are expressed in 
percentages of this 
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Where the building of several stories is used, the possibility of 
future extensions may be met by designing it for the full number of 
floors that may ultimately be required, putting in foundations and 
pieis strong enough for these, and building the walls of the stones 
now erected of the thicknesses that may be required foi the final 
structuie 

Where this plan is adopted the supporting members should be 
earned up to or even through roof and piepared foi the next addition, 
ie stancheons should not finish below girders, so that these may 
have to be cut and biacketed to the stancheons they were resting 
upon 

If the loof is made flat this will, with slight alteiations wheie falls 
occui , form the basis of the future flooi 

Where the staircases aie already carried up to the roof it is 
possible by the use of outside gantries to erect the new lloors with- 
out interfering with the use of the building below, as connections to 
pipes, vents, flues, etc , can be made dining the hours that the works 
are unoccupied. 

Such method ol construction of course gieatly increases the price 
of the first building, but such expense is outweighed by the advantage 
to the manufacturer who realizes that extensions can be carried out 
with but little inconvenience to his business 

Theie aie, however, several points that call foi attention in this 
procedure, viz. . — 

1. If, as m London, the cubic contents allowed tor any structure 
are limited, division walls must be placed so that m the completed 
building no block will exceed the maximum permitted As an ex- 
ample Under the London Building Act (1894), buildings of the 
warehouse class are limited to a capacity of 250,000 cub ft. unless 
divided into sections by brick wails. 

Openings may, it is true, be made m these walls to connect the 
several blocks, but such oirenings aie limited m size, and must be 
fitted with fire-resisting doors. 

By the Amendment Act (1910) the possibility of buildings having 
a cubic capacity beyond 250,000 cub. it. is provided for in certain 
cases, but a limit in height of 60 ft. is inserted, and such consent 
generally carries with it a large number of special requisitions 

If, therefore, a scheme is prepared m which the final building will 
extend beyond the maximum allowed cubic capacity, and only the 
lower floors are to be at once erected, all calculations must be made 
for the completed structuie and the necessary cioss walls built. 

2 Staircases must also lie arranged tor the number ol persons 
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that will finally use the buildings, and this applies especially to the 
escape staircases and exit ways 



Fro, 2. — Section through building of several stories 

3 Motors for lifts should ibe placed at the bottom of the travel 
m order to save time in the alterations! that will occur when Jhe 
additions are made 
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It may be taken as a very safe rule to consult the officials ad- 
ministeung the Building Acts and Bye Laws of the district before 
the plans axe far advanced, and this is especially necessary m the 
cases mentioned above. The water has always found the officials 
of the L.C G and other Councils most obliging and willing to help in 
overcoming difficulties that may arise, and the advice given has often 
saved much time m the preparation of the final working drawings. 

Advantages and Disadvantages of Classes i, 2, and 3. — The 
following is a summary of the advantages and disadvantages of each 
class of stiucture — 

The building of several stories. 

Its chief advantages are — 

1 Large floor area can be piovided on a lelatively small site 

2 Any part of building can be reached in a short ei time than m 
a single story struetuie 



Fig 3.— The single stoiy building. 

Its disadvantages aie — 

1 Top lighting can only be piovided foi the topmost story. 

2. Where heavy machinery is used vibiation may occur that will 
interfere with delicate operations 

3 Placing of machinery is conti oiled by the necessary supports 
more than m single story structures 

4. Its width is limited by the distance natural light will carry 

5, If the building is small an appreciable percentage of floor area 
will be lost in lifts, staircases, escape- ways, etc 

The single story building. 

Its advantages are — 

I. A umfoim light can be obtained ovei the whole area. 

2 An office raised seveial steps above the general floor level will 
give supervision over the whole building. 

3 Less supports are needed as by foiming principals m the web 
of lattice girders or on deep beams factories up to 60 ft wide can be 
easily built; without supports, and factones up to 150 ft. by 100 ft, can 
be arranged with but one central pier (see Pig 9). 
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12 the design OF FACTORY AND industrial buildings 


Its disadvantages are — 

1 Owing to the aiea covered, mote time is spent in passing from 
one pait to anothei 

2 The laige amount of guttering required and the difficulty of 
keeping it clean, especially m distncts where heavy falls of snow 
occur 

3 The anangement of shafting is somewhat more difficult than in 
the building of several stones 

4. The cost of heating and ventilating is more expensive than m 
the building of several stones. 



Fig 5a. — Diagram of gallei} factoiy (extended) * 

The single story with gallery. 

Being a development of the single stoiy building and at the same 
time possessing features of the storied structure, it has some of the 
advantages and disadvantages of the two foimei classes. 

It is, however, admirably suited for works where a numbei of 
relatively small sections come together to be assembled into a largo 
body in the centre, and although at first it might appear as not being 
capable of extension, Bigs 5 and 5a show how this can be effected 
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TI-IE SITE AND THE PLACING OF THE BUILDINGS AND ITS 
ADJUNCTS UPON IT 

In the choice of the site for new works the manufacturer will gener- 
ally be tied as to the district wheie they are to be placed, and m any 
case railway, road, and perhaps water transport will be factors that 
must be considered. 

It howevei sometimes happens that a firm will decide to leave 
their district and settle m the country, and where such decision is 
made, questions as to proper housing of the workers, drainage, powei , 
and lighting become paramount considerations that cannot be lightly 
dismissed. Power and lighting can of course be easily arranged, but 
the provision of housing and drainage may involve a gieatei expendi- 
ture than that of the works themselves To place a large manufactui- 
ing plant in the heart of the country-side, perhaps several miles from 
a town, may involve the firm m building a village or even a small 
town. Not only must the workers be housed but the education of 
their children must be considered, shops must be provided, and the 
provision of all the means of giving the facilities of civilization 
arranged for. 

In such a case common sense would cause the firm to commission 
their professional advisers to work out the possibilities of the site 
before negotiations for its purchase were completed, and similar 
procedure should be general in the case of any building. 

Almost invariably a level site is required, and when sites are being 
considered it should be remembered that the cost of removing surplus 
soil on a sloping or irregular site may involve an expenditure equal 
to or greater than that of the site itself. 

The nature of the soil and subsoil are also important, for as is well 
known the foundation work is far from being a negligible proportion 
of the total cost of the building, and trial holes should in doubtful 
cases always be sunk ; also, no site should be chosen that is liable to 
Hooding even if the risk is very slight. Where site is contained by 
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retaining walls these should be thoroughly examined, and if possible 
the responsibility of failure during a peiiod placed on the vendor. 

If, however, no risk of flooding occurs, a site that is damp or neai 
mai shy ground should be avoided, for not only will it affect the health 
of the workers and tend to damage machinery and plant, but in most 
cases the cost of foundation will be greatly increased 

Where boileis, etc , have to be sunk below normal floor level, and 
where heavy concrete beds have to be formed for machinery, the 
presence of water in the trial holes should generally eliminate the 
site from consideration, as eithei an abnormal amount must be spent 
on foundation and wateipioofing woik, or the floor of the factoiy 
must be raised above general ground level 

The best foundations aie gravel and lock, and with the latter all 
pockets must be filled with concrete, and in most cases a certain 
amount of step levelling is necessai} Sandy gravel is good, but care 
should always be taken m dealing with sand to eliminate any chance 
of it being washed away Olay is damp and will generally lead to 
settlements, howevei deep the foundations may be carried, and the 
same remark applies to made-up ground, foi however long it may 
have stood dangers of subsidence occur, and as settlement of one pier 
may throw a long lme of shafting out of action and lead to heavy 
expenses, the piovision of a laft over the whole of the surface of the 
factoiy is to be desired in the above cases The formation of in- 
verted T beam carrying all piers, and the filling in of intermediate 
spaces with reinforced conciete slabs makes a monolithic foundation 
for the whole structure, and is sometimes much cheaper than forming 
sepaiate foundations for each pier. 

Another matter that may exercise a considerable influence is the 
possibility of obtaining easy transport of the building material re- 
quired, and this may be the factor that will decide whether the 
building shall be of steel frame or reinforced concrete construction. 
When sand and gravel suitable foi the aggregate are on the site or 
close at hand, the employment of the latter will generally be found to 
be most economical. 

The question of the site having been briefly considered, we now 
turn to the placing of the buildings upon it 

Before, however, any sketch drawings are prepared, the designer 
should (if possible with the manufacturei or works manager) visit 
factories carrying out work similar to that for which the factory is 
being designed, and at the same time a schedule should be prepared 
which will embody all the information for working out the complete 
scheme. 
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This schedule will be drawn up foi both the present and final 
future extended use of the factory, and will comprise * — 

1 Number of woi leers, male and female, for each department 

2 Number, descnption, and over-all size of machines. 

3 Size and details of gangways, etc 

4 Position of inspection rooms, 

5 Size, number, and position of stoies 

6 Pull descnption of receiving, sampling, packing, and despatch 
looms 

7 Particulars of foreman’s and cheek offices 

Wheie any of the departments tieated in this volume as the 
adjuncts of the factory are lequned to be m the building itself, full 
details of them will be appended to the above list. 

Following on this schedule should be notes or descnption of the 
system on which the factory will be worked, and although every 
business has its own geneial methods of organization, broadly speak- 
ing the systems m use aie few in number 

As an example In the manutaeture of boots, the leather for the 
making of the uppers is cut by chckeis and then passes to the closing 
room where the pieces aie stitched together Coming from this 
department it meets the heavy sole leathers fiom rough-stuff , room, 
and thence passes through lasting, solmg, heeling, and finishing 
machine rooms, and leaving this last department, the boobs pass into 
the spaces allotted for drying, packing, and despatching 

Against this may be set the system m vogue in many engineering 
works, where various departments deal with the separate parts and 
finish them off so that they first meet together in the assembly shop. 

From the schedule and notes above referred to, together with the 
observations made in other works, the architect will prepare sketch 
plans which should be analysed and discussed with the manufacturer, 
works manager, and chiefs of each department. These consultations 
will often eliminate mistakes that would cause heavy expenses in 
alterations after the building work is commenced. 

In the preparation of these plans the size of the unit on which 
the building is to be designed will be controlled by the most impor- 
tant machines and the necessary gangways. By this term unit is 
meant that centres of all columns, pieis, and supports are placed at 
equal distances from each other, both longitudinally and transversely. 
This does not mean that every bay must be square or even rec- 
tangular, ior on some sites a rhomboidal unit will be found best, but 
endeavour should be made to make x.x.x. and y.y y. equal to each 
othei throughout (see Fig. 6). 



16 THE DESIGN OF FACTORY AND INDUSTRIAL BUILDINGS 


The sfcandai dization of each unit will tend to economy m building, 
for it will be leadily realized that not only are a great number of the 
beams, stancheons, etc , of same length and often of same section, 
but principals, fiames, and sashes become units or multiples of 
similai sizes, and the works engineer will also greatly appreciate this, 
as m the future use of the building shafting can be standardized and 
made intei changeable 

In the choice of the size of the unit, dimensions of fiom 16 to 26 ft. 
have been found most economical Larger bays may of course 
be easily constiucted, but it should be remembeied that wide bays 
mean deep beams, and these will often interfere with the natural 
lighting and the arrangement of shafting. 

The whole factory having been arranged on a seiies of unit bays 
the arrangement of depaitments must next be settled 

The assistance of the works manager is heie necessary, and the 
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Fig 6. 

essential point to remember is that the direction or lines ol processes 
should not clash or cross each other A natural growth of the 
product should take place from its raw to its linished state, and 
an arrangement of a factory as shown in Fig 7 is ’the ideal to be 
striven for. 

The Adjuncts of the Factory. — These tend to take up a greater 
proportion of space from year to year, but many of them can often 
be arranged to occupy the corners and angles of an irregular site, 
thus leaving the workrooms of regular shape 

Unless absolutely necessary, staircases, lifts, lavatories, and all 
subsidiary rooms should be placed outside the containing walls of 
the manufacturing portion of the factory, and piers should project 
outward rather than into the building 

The special requirements of these departments will be more fully 
dealt with m the following chapters, but these notes will be of use in 
plotting their position m the general scheme. 
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The Offices if placed in a separate building should be close to 
the factory itself, and staircases should be planned so that it is not 
needful to traverse a portion of the works to get to an upper floor. 

The Raw Material Store is often a part of the factoiy itself, 
but if it forms a separate building or sheds it should be placed so 
that the material can be taken into the woiks without mtei fering 
with the deliveiy of other stoies into the building 

The Power House. — The majonty of factories are now supplied 
with gas or electric power fiom company’s mams, and the mci easing 
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Exo. 7. — Diagram lay-out single story factory 

tendency is to use a separate motor to each machine. Where, how- 
ever, engines are necessary the engine-ioom should be entirely cut 
off from the factory by brick walls, and the only direct connection 
should be the spaces for shafting to pass through. 

The floors should be of impervious material, the walls glared 
brick, and large windows giving abundant light should be provided. 

Showrooms. — Where these occur in connection with works 
they should be placed in close conjunction with the offices and at the 
same time adjoining or near to the despatch department 

Lighting should be carefully considered for this department, and 

2 
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THE CONSTRUCTION ON THE FACTORY lUMIJHNC. 

In the choice of materials for the oioctiou of factor) ami industrial 
buildings, the following three matters call for attention 

Duiabilit) 

Fire-resisting qualities. 

Cost. 

It is assumed that any structure is desired to hi' strong enough 
to serve some useful purpose for at least eighty years, and this lirst 
quality is satisfied by most methods of construction in general use if 
properly earned out. (Temporary buildings and sheds are often 
lequired m connection with factories, but those will be oousideied in 
Chaptei VIII ). 

A factory, if built with brick walls and timber- framed Hours and 
roof, may be considered as a pormanent building, but it cannot claim 
to be fiie-resisting, and should novor therefore bo recommended. 

It is true that insurances can ho effected that will cover damage 
to the building, machinery, and goods, but no insurance can bring 
back lives that have been lost or rejuvenate seared and maimed 
bodies, and every employer of labour lias a moral duty to safeguard 
his workers as far as is possible 

But apart from this, the break in the continuity oi pi eduction 
consequent upon a fire may cripple a firm for an indefinite period, oi 
allow some rival business to capture its markets, and in all cases the 
provision of adequate means of osoapo will lie greater m a building 
with wood floors than in one of iire-rcRistiug construction. Also 
insurance companies quote minimum premiums for a thoroughly 
equipped fire-resistmg structure, and the sum of these facts taken 
together should persuade any manufacturer to build In's premises as 
fire-resisting as possible. 

The cost of construction will invariably rule out the employment 
of the more expensive building materials, such as stone and granite, 
and we aie therefore reduced to two main methods of construction 
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A. The steel-framed building with brick wall filling and concrete 
floors 

B The building of reinforced concrete 

Individual preference, the site of the building, and the availability 
of suitable materials and laboui will all play their part in the settle- 
ment as to which system of construction shall be used, but if the 
former is decided upon all steelwork should be encased with fire- 
resisting materials, foi, as is well known, the high temperatuies 
generated in most big fires cause exposed steelwork to bend and 
twist owing both to their own and the supei imposed weights upon 
them. Walls are pulled and pushed over, and the results of such 
movements is greater than the damage by fire and results m iecon- 
struction having to be commenced at the foundations 

Whilst dealing with the general system of construction it may 
be of mteiest to return to the subject of vibration which was referred 
to m dealing with the building of several stories (see page 7) 
The architect is often asked the question “ Can you do away with 
all vibration in my new building ? ” and whilst it is improbable that 
a building can be erected m which vibration will be totally eliminated, 
the general consensus of opinion inclines to the view that structures 
of reinlbieed concrete give less cause for complaint on this head than 
those of steel-iramo construction 

This subject has been investigated m the United States, and the 
results of the Aberthaw Investigation of the effects of vibration m 
structures was given in a papoi to the American Concrete Institute 
in February, 1917 Questions as to vibration m different buildings 
had been previously sent out to engineers and manufacturers, and 
about 1150 replies were received. 

A summary of these shows that the reinforced conciete building 
has m the U.S A been found far preferable to any other, and the 
paper should be lead by all interested in this subject. 

Walls.— If building acts and bye-laws were not administered in 
so stringent a manner, and if cast-iron rulings gave place to dis- 
cretional y poweis, the cost of erecting industrial buildings would 
be greatly reduced, and the building of reinforced concrete would 
generally be found to be much cheaper than the steel- framed and 
brick building 

As, however, m most districts there is no possibility of using 
walls of less thicknesses than 9 ins or 14 ms,, the cheapest and most 
general form of construction is to build the structure with reinforced 
concrete or steel beams and supports, and to use brick-filling in the 
panels left where not occupied by windows or openings, Windows 
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will be fully dealt with in the chapter on lighting, but it may be noted 
m dealing with the walls that the higher the distance hom floor to' 
floor the gieater the possible height of window, and consequently, 
as natural light can carry furthei, the gieater the possible width of 
faetoiy 

Bemfoiced conciete piers will, of course, take up moie space than 
steel stancheons, but the saving in cost will compensate for this, and 
often when the inci eased area taken by the steel encasing is added 
the difference is found to be almost negligible Piers of octagonal 
foim aie to be piefeired to square ones, but if the latter are used the 
anises should ahvays be taken off, giving a splay of at least J J ms. 
acioss 

Floors. — In the construction of floors calculations should always 
be made of several anangements, but a system of mam and secondaiy 
beams will generally prove most economical 

The beams m the walls can be arranged to servo as heads of 
windows, whilst their upper suiface will form the support of the brick- 
woik undei sills, but m these cases the face of beam should bo kept 
back a little distance from wall face and left lough to receive a 
finished surface 

This arrangement expresses the construction of the whole struc- 
ture and should form the basis on which the architectural character 
of the building is developed See Chapter XIII. 

In the choice of finishings of floors a gieat many materials are 
to hand, but it should be remembered that traffic is generally very 
heavy on factory floors, and the cost of maintenance should be con- 
sidered m comparing the fiist costs of the materials pioposed to be 
used 

The tiade earned on within the building will partially settle the 
material to be employed, but ordinary concrete should never be used 
without some finish such as steel slag or gianite chips. The latter is 
probably the cheapest satisfactory floor that can be used, but has the 
following disadvantages — 

Giacks occur andphips may be broken out by sudden impact. 

Tools are broken or blunted by falling upon it 

Complaints of cold feet are often made by the employees 

A fine dust is worn off under heavy traffic (This can be greatly 
obviated by the employment of one of the many surface finishings 
now on the market ) 

The following table gives a comparison of the relative costs of 
different floor coverings expressed m percentages of the most expensive, 
and is based on prices current m 1914 
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Fig 9 — Factory with one central supporting pillar (A. Alban Scott, Architect.) 
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14 m oak blocks 

100 

2 in deal blocks creosoted 

58 

14* in maple blocks 

66 

14- m deal blocks 

51 

1| m. maple boaidmg 

45 

14 m pitch-pme boarding 

40 

1-4 in. yellow deal boarding . 

30 

Patent jointless flooring 

37 

4 m asphalt in two layers 

44 

Blue brick paving 

46 

Quany paving 

65 

Granolithic finish paving 

20 

Paving with cement finish 
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Where cement, stone, or cold material is used for doors, standing 
boards are often needed by the workers, and when that is so, care is 
needed in their construction to prevent the possibility of tipping up 
and throwing workeis on machine or on to floor 

In galleried factones, where an open balustrade is used, a fillet 
should be fixed at nose of floor to prevent any bolts, tools, etc., that 
may be diopped from lolling along floor and falling on the heads of 
workers below 

Conciete, it should be lemembered, becomes badly stained if ofl is 
spilled upon it. 

Doors. — Except to stancases and exits top-hung sliding doors 
are prefeiable to those hung at sides Handles should be of diop 
flush type, and all fittings beyond general door surface avoided. 

The brickwork opening to all doors used by the workers should 
be finished with bull-nosed angles, and m positions where much traffic 
occurs, or where workers will rub against them, glazed or blue 
Staffordshire bricks should be used 

Roofs. — Wkeie the loof is flat its construction is of couise similar 
to that of the floors below, except that the upper surface is laid to 
falls and finished with a material that will be quite waterproof. 

Where the lift runs up to and gives access to the roof there is 
great possibility of goods being stored upon it, and this should bo 
allowed for in any calculations made for its load 

There aie seveial patent roof coverings now on the market which 
are fanly satisfactory, but for general use asphalt surpasses all other 
materials It is m our climate unaffected by heat or cold, and a roof 
covered with it can be used for storage and for fairly heavy traffic or 
as a resting-place for the employees. 
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It also lends itself to the formation of guttei s, skirtings, and any 
purpose where lead or zinc were foimerly employed, but certain pre- 
cautions must be taken where steep slopes occur In such cases, and 
where used on boarding, felt and expanded metal should be hist laid 
down, and in all cases the material should be m two layeis breaking 
joint, 

Wheie sloping roofs are used roof principals of steel or rein- 
iorced concrete construction are a necessity Until a few years ago 
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dilapidations will accrue on peimanent building, the wisest plan 
appeals to be to use materials that have stood the test of time 

Staircases. — Stan cases foi mdustiial buildings may be divided 
into thiee classes — 

1. Small stan cases and laddeis for access fiom one floor to 
another used mostly by foiemen and admimstiative staff, 

2 The main stancases for access to the vinous floois 

3. Stancases solely foi escape m case of file 

1 The first class, notwithstanding their noimal use, should always 
be constructed of teak or hardwood, have fire-iesistmg soffits, and be 
as like to ordinary staircases as is possible in the space available. 
Accidents aie always moie likely to occur on steep, than on shallow 
stans, and m times of panic or fire it is often found that a rush is made 
foi the nearest outlet, even when proper fire-exits are provided 

2 The mam stairs of the building should always be of stone or 
concrete encased with brick walls, and the type of stairs shown in Tig 8 
is to be prefen ed to any other. 

Windows should be arranged to give direct light to both flights, 
and if this is impossible a glazed sash should be fixed m the spandiel 
wall. 

In oidei to dimmish the risk of accidents, the fiist step downwaids 
in each flight should be kept back some few inches, as shown in Tig 8, 
and handiails should be fixed on both sides of stairs, carried round 
landings, and chased into newel walls 

The treads should be grooved or otherwise treated to prevent 
slipping, and no flight should consist of more than fifteen risers. 

Under the London County Council's rules for factory stans, a 
minimum of 10 ms. width and a maximum of 7% ms. rise is permitted, 
but experience of climbing many flights proves that it is easiei to 
climb a distance with 6-J ms rise than one ot ins , and as no- 
employer wishes his workers to he out of breath by the time they get 
to then worlaoom, the smaller riser should, if possible, be used. 

The traffic up and down staircases will soon render brick wails 
very unsightly, and if the spmt of cleanliness is to be fostered in the 
woiks the enclosing and newel w r alls should be faced with glazed 
bricks. Where this would be too expensive, a dado only of glazed 
bucks may be used and the walls above painted. All ceilings and 
soffits should also be finished white, either by paint or distemper. 

The stancases necessary foi escape m case of fire may be either 
enclosed as the mam staircases or may be constructed as external iron 
stairs. .If the latter, the treads should be of non-slip material, and 
all windows oi factoiy m close proximity to such stairs should be 
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glazed with lire -resisting glazing Handrails should be fixed on either 
side and a balustrade of close mesh provided. 

The treads should have a minimum width of 10 ins , the risers 
a maximum use of 7^ ins , and no flight should exceed fifteen steps. 
Wheie enclosed escape stairs are used, they should be similar to 
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up loom the provision of an extra one will often save much time m 
the works. 

In deciding the position foi the staircases m the factory, endeavour 
should be made to place them at opposite ends or coiners, so that 
the workers have at least one alternative means of escape m case of 
lire Where timekeeper 5 s office is placed near stairs care should be 
taken to so arrange it that the workers who have registered in order 
to reach staircase do not have to pass those coming m , also the 
entrance to lockei-room, lavatories, etc , should be adjacent to stairs. 

The employee should enter the workroom ready to commence 
work, and after he leaves it and takes his hat and coat from the 
locker there should be no necessity for him to pass thiough any 
manufacturing portion of the factory 

The doors from staircase to street or open air should open out- 
wards, and a space equal to full width of stairs should be provided 
between bottom step and door when closed 

All other doors to staircases should be of fire-resistmg materials 
hung to swing both ways clear of steps, and upper panels should be 
glazed with fire -resisting glass at such height that both boys and 
girls as well as adults working in building can see through them 
Lifts. — In order to reduce as far as possible all risk of the spiead 
of fire, lifts should be encased with brick walls at least 9 ins. thick, 
and openings fitted with doors of fire-iesistmg material made to close 
automatically m case of fire, and where any of the walls of enclosure 
are external and abut upon an open space, one or two small windows 
should be formed at intervals to give light in cases of breakdown, 
Pipe Well and Ducts. — Wherever a great number of pipes are 
needed to serve dilferent floors of a building, a pipe well should be 
built to contain them Access to it should be provided at bottom 
floor level and at roof, and iron steps oi ladder with handrail should 
be fixed from bottom to top 

Thom it the pipes for each floor will run into ducts, which can 
generally be formed withm the depth of the secondary beams, but m 
no case should they be below the mams beams. 

The flooi of these ducts should be laid to a slight fall to outlet, and 
their coveiing should line with floor, and be made so that it can be 
readily removed and eveiy pait of duct laid open to inspection when 
necessary 

Arrangements for Shafting, Wires, etc. — One objection often 
laised to buildings constiucted of reinforced concrete is that shafkng 
cannot be fixed without cutting into piers and beams, but if proper 
measures are taken all such cutting can be avoided 
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Whoie no foiethought has been shown the objection is valid, but 
if pioper measuies are taken diuing construction no interference 
with the structure should be needful 

Wheie the position of machines is definitely fixed bolts 01 shaft 
hanger inserts can be built in during construction, and anangements 
should always be made to allow for shafting to be fixed on all four 
sides of free standing piers 

In many lactones provision has been made foi canymg brackets, 
pipes, etc , by forming giooves about 1 m wide and £ in deep along 
both sides of all beams and vertically up each piei, and where the 



work has been cairied out in a satisfactory manner, such grooves 
will carry any leasonable weight that may be attached to them (see 
Fig 12) 

Where it is necessary that pipes and wires must pass through 
beams and floor slabs, the holes should if possible be formed during 
the construction of the building, and m any case an insulation should 
be formed between the wires and the conciete woik 

The damage to a building owing to leakage of electncity may 
easily become serious, and a test of the whole system should therefore 
be made eveiy three or foui months 

*Fig 12 is reproduced from “Reinforced Concrete m Practice,” by permis- 
sion of the autkoi, A. Alban Scott 
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CHAPTER V. 


LIGHTING 

Ip the average man m the street was asked what was the most out- 
standing difference between the factoiy of the past and that of to-day, 
he would probably reply that the old factories possessed large wall 
surfaces and few windows, whilst the new factories were nearly all 
windows. The small lighting surface of the former was m many 
cases due to the large amounts of brickwork necessary to carry the 
floors and roofs, but the possibility of concentrating all weights on 
lemforced concrete piers or steel stancheons built into walls allows 
any building to have the maximum allowance of natural light 

The provision of abundant lighting to the factory will be bene- 
ficial both to the employer and to the employee, to the former m 
that matenal will not be lost, mislaid, and wasted so much as in 
dimly-lit buildings, and to the latter because his health will be im- 
proved and the spirit of cleanliness fostered. 

Accidents will also be far less frequent m well-lighted than in 
gloomy buildings, as is proved by statistics published by various 
bodies. From these it is seen that the smallest number of fatal ac- 
cidents occur in midsummer months when days aie longest, and the 
greatest number during the winter months, also that the number of 
accidents for the intervening months 'corresponds fairly regularly 
with the length of the natural daylight 

The whole subject of factory lighting has been lately investigated 
by the Departmental Committee appointed by the Ministry of Muni- 
tions to report on lighting in factories and workshops, and the follow- 
ing extract fiom their report is of interest. In it the essentials of 
good lighting are summarized as — 

A. Adequacy 

B A reasonable degree of constancy and uniformity of illumina- 
tion over the necessary area of work. 

C. The placing 01 shading of lamps so that light from them does 
not fall directly on the eyes of an operator when engaged on his 
work or when looking horizontally across the workroom. 

( 30 ) 
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D The placing of lights so as to avoid the casting of extraneous 
shadows on the work 

The lepoit goes on “ Natural lighting is to be preferred to arti- 
ficial lighting on grounds of health as well as economy Where it 
* can be ai ranged loof lighting is generally to be preferred to lateral 
lighting. In a good system of roof lighting the illumination is very 
uniform. In modern factories where lateral lighting is employed a 
large part of the walls are devoted to windows, but it is evident that 
there is a limit to the width of the room beyond which the illumina- 
tion falls below what is adequate , what this width is will depend 
partly on the nature of the work to be done m the shop and partly 
on the extent to which the light is impeded by outside obstacles, such 
as neighbouring buildings, or inside obstacles, such as machinery 

“ The effect of light- coloured walls and white ceilings on the geneial 
brightness of the room and in affording an effective background to 
dark objects should not be overlooked. In some cases the natural 
light may be improved by deflecting veitical light into the room by 
means of reflectors or prismatic glass, or by whitening the surface 
of an external wall which obstructs the light. The position of per- 
manent working points should be so adjusted m i elation to the 
windows and to internal obstructions of whatever kind as to secuie 
so far as practicable adequate daylight for each. 

“ The necessity for the regular cleaning of windows on the inner 
and outer surface cannot be too much insisted upon. Not only do 
dirty windows prevent a large pioportion of daylight from enteiing 
the shop, but the daylight period of work is consideiahly shoitened and 
needless expenditure on artificial lighting mcuired in consequence/’ 

It must be admitted that m some modern buildings where the 
windows run from floor to ceiling, difficulty is experienced in regulat- 
ing the temperature of the building and m preventing the formation 
of cold sheets of air that set up draughts, but such troubles can 
generally be eliminated by a propel ly designed system ofc heating 
with hot-water or steam pipes around the window openings 

It is, however, doubtful if the light obtained below about 2 feet 
from the floor is compensated by the cost of its provision, but in most 
works endeavour should be made to make at least half the surface of 
external walls as window and the top of all windows should be close 
to the ceiling. 

Where this is done a lough guide for the width of room that can 
be naturally lighted is — 

For rooms lighted on one side only Multiply distance from floor 
to top of window by 1 75. 
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For rooms lighted both sides Multiply distance from floor to top 
of window by 4 0 (see Fig. 13) 

In applying these rules it is assumed that glass begins at about 
3 ft from flooi, and that the width of pieis between windows 
does not exceed one-seventh of the width of the sashes, also that 
walls and ceiling aie finished m light and white colours and kept 
clean, and that no obstiuction by adjoining building is present 

In the lattei case prismatic glass or leflectois will geneially pay 
for their cost, and m every case a glass that will diffuse light is bettei 
than a plain sheet of tianspaient glazing 

Turning to the considei ation of the matenal for the constiuction 
of windows, the use of steel sashes is to be pi efei red m all cases 
The total area taken by the wood itself in wooden frames and sashes 
beais a considerable pioportion to the whole brickwoik opening, and 
beyond this wood sashes are not fire-iesistmg, whilst flames of cast 
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Fig 13. 

iron cannot be adapted to the lequirements of ventilation, opening, 
etc,, as can those of steel 

Steel sashes, moreover, are now nearly if not quite as cheap as 
other forms of windows, are not so easily broken, and allow for open- 
ing arrangements to be made m the width of the bars 

In all rooms occupied by workers provision should be made for 
opening any part of the window, and the divisions should be m an 
equal number of multiples and hung so that the outside of the 
windows can be cleaned from the inside of the building ; and if this is 
not done, pi o vision should be made for suspending cradles from the 
loot level m all high structures 

In all cases the maintenance of windows and their cleaning is an 
expensive item, and although the cost of windows in the first case may 
be but little more than that of an equal area of the surrounding walls, 
a wall once built incurs but periodic costs for inside colouring or 
painting, whilst windows need constant cleaning and renewals of 
broken panes. 
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To save time and expense endeavour should be made to design 
all windows ot same size or multiple of some size, and this should 
also apply to the panes. A stock of sheets ot glass cut to fche 
standard pane size should always be kept m the works so that broken 
glass may be at once replaced 

In Older to 1 educe the cost of windows suggestions have been 
made to use glazing bars similai to those used for roof glazing, but 
the disadvantage of not being able to open such windows and the 
difficulty of cleaning them will in many cases outweigh the saving 
m cost. 

The choice of glazing material is moie difficult than appears at 
first sight, for if a window receives direct sunlight the flood of intense 
light through clear glass is apt to cause moie eye strain to a worker 
near it than would be occasioned by working m a dimly-lit room, 

(This point will be easily appi eciated by any draughtsman who 
has worked on white papei m front of a window receiving dnect 
sunlight.) 

Blinds will, of course, obviate this, but they are expensive, lequire 
frequent renewal, and gieatly i educe the lighting of tae centie of the 
100m, and whitening the glass or glazing with giound glass also have 
the latter effect 

As is pointed out m the lepoit quoted previously, a reasonable 
degree of constancy and uniformity of illumination is the ideal to 
be stnven toi, and this can be most easily and economically obtained 
by the use of \ in ribbed plate cut so that the ribs run horizontally 
across the panes 

The artificial lighting of factories must be suited to the woik to 
be earned out m each department, but wherever possible mdnect 
lighting should be used Experience has proved that headaches and 
othei effects of eye stiam are diminished by its use and a diffused 
light with no shadows is obtained 

Wheie much shafting and belting occur, where small and fine 
work is being executed, and where many machines are installed, 
point lighting is necessary, but even m these cases the noimal 
lighting of the 100m by indirect methods will generally be found 
preferable 

Whether electricity or gas aie used may depend on individual 
preference 01 other causes, but if the latter is installed incandescent 
mantles should be used, and m all cases of indirect lighting it should 
be remembered that several smaller lamps, disti ibuted in each bay, 
will give better results than one large one even if of slightly greater 
candle-power than the sum of the lesser points 

3 . 
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The best type of bowl for indirect lighting for factoiy work is 
made of enamelled iron, and it should be some one’s duty to remove 
dust, and clean the internal reflecting surface at least once a week 

Where general lighting is provided, point lights need only to be 
strong enough to enable the employee to carry out his work, for eye 
fatigue may be caused as much by excessive glare as by lack of 
light. Ten or at most sixteen candle-power lamps arranged with 
shades or reflectors to throw light exactly where required aie all 
that is necessary in most works. 

A great saving may also be effected where the supply is by 
alternating current if a tiansformer is installed to bieak down the 
voltage to 50 and by using lamps m series 

It should also be remembered that the filament of a 50-volt 
lamp is much stronger than that of high voltage lamps, and that 
therefore the use of such a system will greatly reduce lamp costs in 
the course of a year 

The finish of the looms ,of the factory will play an appreciable 
part m the lighting effects, and will also tend to raise or deaden the 
spmts of the workers, and foi this leason it will be found beneficial 
to cairy out simple schemes of eoloui throughout the building 

Dark colours absoib the natural light whilst light ones 1 effect it, 
and therefore foi the walls light shades of yellow, green, or grey 
should be used, and the material be capable of being washed down 
at frequent intervals. 

The ceilings should be white, and where reflected lighting is used 
the extra cost of enamelling will be lepaid by thef greater reflecting 
power obtained fiom its surface 



CHAPTER VI 


VENTILATION AND HEAT TNG, 

Of Hie two, the iormei is by iai the more important, foi although 
many factories and shops can well dispense with the latter, there are 
very few trades earned on where some system oi ventilation is not 
a necessity for the workers 

Ventilation has tor its object the removal of the vitiated air and 
its replacement by fresh an, which latter is defined by the Health of 
Munition Workeis Committee as air which is (A) Pure and clean 
for the workeis to breathe, and (B) an atmosphere which is stimulat- 
ing and refreshing Air which is entnely pure fiom the chemical 
point ol view may alford an atmosphere of a most depressing char- 
acter which ]S highly detrimental to physical efficiency It is not 
enough to aim only at clean air, as has been often customary m the 
past, or only at a stimulating atmosphere In any consideration of 
ventilation both objects must be constantly m mind 

However pure the atmosphere of a faotoiy may be before woik 
is commenced, no sooner have the workers entered and machines 
begun to lun than various impurities begin to infect the air, the chief 
of winch are 

1 Carbonic acid gas. 

2, Various ill-defined volatile substances arising from human 
beings, especially where peisonal cleanliness is lacking and perspira- 
tion is profuse, 

3 Bacteria. 

4 Dust, fumes, and impurities given oi f from processes of manu- 
facture Carbonic acid is given off in the breath of human beings, 
and by fires, etc , and its increase is accompanied by a diminution of 
the oxygen in the air Its gt adual formation is not at first notice- 
able to those working in the room, but is at once apparent to anyone 
coming m from the open air. 

It has been stated that 500 persons will in one hour produce 
carbonic acid containing about 25 lbs of pure carbon and 4 gallons, 

(«s) 
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of wabei, and if this atmospheie condensed on a wall was collected a 
few diops of it would poison a rabbit 

It “must not howevei be assumed that the piesence of caibonic 
acid in the atmosphere is the only evil, for the bactena ansing from 
human beings may form a more definite and directly haimtul source 
of linpunfy Theie is no doubt that the common catanhal condi- 
tions (colds, soie throats, ‘influenza’) aie for the most pait spread 
from an infected individual to his neighbouis by oiganisms that aie 
earned in the expired ail with droplets of moistuie, especially during 
coughing and sneezing, though also during ordinary bieathing and 
speaking These diseases are often legarded as trivial m chaiactei , 
it appears likely, however, that if any conect estimate of lost time 
and diminished output owing to ‘colds’ could be obt lined, these 
would prove to be the most important miectious source of industrial 
inefficiency Of diseases more serious as regaids life as well as 
health, tubeiculosis of the lung is undoubtedly often disseminated m 
a like mannei 

“ It might be aigued that if gieatei cubic air space was given to 
the woikeis, most of these troubles would be eliminated, but such 
requirement would in many cases be impossible If a factory is to 
be efficient, space must not be wasted, and apaib fiom this, m many 
buildings wheie large machines with few workeis are employed, 
masses of stagnant air are found which exercise a deadening in- 
fluence on the inmates ” 

The repoit above mentioned characterizes the desirable air as 
being — 

Cool rathei than hot 

Dry lathei than damp 

Diveise m its tempeiature in different parts, and at difleient 
times, lather than uniform and monotonous, and (which is intimately 
•'connected with this diversity), 

Moving lather than still. 

Each trade and factory Will raise its own problems, and will be 
affected b} the height of room, its ditfeient uses, and the numbei of 
peisons employed, but in no case should the air be changed less than 
four times per hour, and m some buildings it may be neeessaiy to 
provide foi changes every four minutes 

This can be arranged by means of tans, but m all cases windows 
should be foimed to open direct to the external air. 

A simple system of ventilation for single story shops can be in- 
stalled by pumping fiesh air into the building and allowing the 
vitiated air to escape by means of louvied ventilators at the ridges 
and under eaves 
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Beyond the general ventilating system, provision should be made 
I'oi removing as far as possible all dust fumes, etc * at their source 
In many factories this can be effected by lixmg a hood ovei each 
machine and connecting it by means of a pipe to a duct An ex- 
haust fan lixed at end of this duct will draw away all dust as it 
is produced, and this dust should not be disseminated into the 
atmospheie but should be deposited into a piopeily constiucted 
lecepta-cle 

Even when this is done, and a perfect system of ventilation is 
installed, much dust, fluff, and particles of impurity from machines, 
floor, and mateuals will be piesent, and where work is delicate, and 
must be kept clean, a vacuum system should be provided, and one or 
moie suction points or plugs lixed in each loom 

The question of the ventilation of a building is always closely 
allied to the heating, and in many cases the two aie mcorpoiated into 
one scheme, as m the “ plenum ” system, where the air is pumped into 
the Building attei being warmed in winter, and cooled m summer 
In this system the an is drawn into the building thiough screens 
(down which water is caused to run) which lemove all dust, and the 
warmed or cooled air is driven thiough ducts to the inlets m each 
room , and there is no doubt that it is by fai the most scientific 
system at piesent in general use. 

Whilst this is so, the Committee above referred to considei that 
it should only be used for pumping cool air m summer time, as in 
practice, warmed air so supplied is relaxing and of depressing char- 
acter 

A peifect system of iiltenng air has, howevei, still to he pioduced, 
as the usual practice of relying upon a spi ay of water tends to in- 
crease the humidity of the atmosphere. 

Other disadvantages are — 

1 The necessity of ducts and trunks which often take up valuable 
space and interfere with shafting 

2. The need m large works of two oi more plants or an excessive 
n umbei of fans 

3 The continual and heavy cost of upkeep. 

Where this system is installed care must be taken in the placing 
of the outlets for foul air, for it may haxDpen, where these are con- 
nected with ducts leading to the extract fans, that direct currents are 
set up fiom inlet to outlet and the spaces between left as masses of 
stagnant air 

Theie aie three other systems of heating industrial buildings m 
general use, viz, — 
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1 Radiant heat 

2. Steam oi high-pi essure hot water. 

3 Low-pi essure hot water 

Radiant Heating*. — Radiant heat is doubtless the ideal form of 
heating, and in small woikshops can be easily effected by stoves or 
fries, but the trouble and expense of fuel supply, cleaning, and nsk of 
fire occasioned by its use makes such method of heating quite im- 
possible and undesirable m woiks of any magnitude 

Steam Heating. — Where steam engines and boilers are pait of 
the factoiy organization, and where sufficient exhaust steam is to 
hand, this system will be found both cheap and effective 

It howevei has eeitain disadvantages — 

1 The grease (in suspension in the steam) fiom the engines must 
be removed 

2. Any air in the pipes causes distinctly unpleasant noises m the 
woiks 

3 Tiouble is apt to aiise m controlling the temperature. 

4 Allowance must be made foi di awing off condensed watei 
fiom the pipes, and this can only be done by giving them a slight fall, 
which m large woiks often means that pipes oi ducts must m places 
diop lowei than the mam beams. 

5 Being exhaust steam it often lacks enough eneigy to cause it 
to tiavel through pipes This last difficulty can be oveicome by 
woikmg the heating system on the “ vacuum ” principle, 

6. A pioperly skilled engineer must be placed m charge of the 
system 

High-pressure Hot Water. — This system is not to be recom- 
mended for heating buildings where workers are constantly employed, 
but is most useful tor drying and stovmg rooms 

The pipes used are small, a comparatively small boilei is lequired, 
and the building m which it is installed can be heated vei y rapidly, 
but these advantages are more than outweighed by the following dis- 
advantages — 

1 Danger of explosion is greater than in low-pressure systems, 

2. Pipes must be filled at intervals and also pumped to get nd of 
air bubbles. 

3 If building is left unheated in cold weather there is moie risk 
of freezing than with other systems (This can be prevented by the 
use of non-fieezmg solutions m the pipes ) 

4. Owing to the high temperature of the" pipes when system is 
working the dust in the atmosphere near them becomes charred 

5. A skilled engineer must be placed in charge of the system 
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Low-pressure Hot Water. — The woikmg in this system may 
be effected by two methods — 

A Wheie cu dilation relies on natural means. 

13. Where circulation is helped or accelerated by means of 
pumps 

Except m very small buildings the second system will be found 
the more convenient, as by its use smaller pipes aie requiied, the flow 
is more rapid, and in all cases the presence of dips owing to beams 
etc , raises no special difficulties that lead to bieakdown More- 
ovei , a highly skilled engineer is not needed to look after it 

Where theiefore the heating of the building is to be earned out 
by hot watei , a low-pressure system will generally be found most 
convenient 

Generally. — In placing the radiators a numbei of smallei ones 
will give bettei and more equitable heating than one laige one, and 
wheie large windows occur a ladiator should be placed m front of 
each of them 

The pipes for supply should run up pipe well and connect at each 
floor level to ducts fiom which the connections should be made to 
each ladiator 

In offices, showrooms, and all departments where walls are 
finished a light colour, a shelf should be formed above each 1 adiatoi 
to pj event stains and dirty smudges being foimed on the wall 
above 

Wherever lantern and overhead lights occur hot- water pipes 
should be run aiound their base in order to pi event the formation 
of cold masses of air which set up draughts that gieatly inconveni- 
ence those woikmg below them. 

The boiler -house should be placed as central to the whole works 
as is possible, and if anangements are made for future extensions its 
position should be lelative to the completed scheme, and it should be 
constructed large enough to leceive the extra or extended boilers that 
will finally be required Its floors should be below the general 
factory level and a gulley foimed to take off water when system 
is emptied. Ample bunkei space for fuel should be provided, and 
a cupboard or recess for the engmeei to keep necessary tools and 
spaie parts is a desideratum that is often omitted 

The chimne}, which should be fitted with sweeping door, damper, 
or air door, must in large installations be lined with fire-brick for part 
of its height, and a ventilated space formed between this lining and 
the brick enclosure Circular or square flues give better results 
than rectangular ones, and the ventilation engineer should always be 
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consulted as to the cioss aiea of flue and the height of chimney that 
is required 

Opinions gieatly differ as to the limits of temperature that should 
be maintained m factoiy and industrial buildings The woik carried 
on m the structure does m certain cases control both the tempera- 
ture and the humidity of the atmosphere required, and in such cases 
the heating engineei is rigidly controlled by maximum and minimum 
fixed limits But apait from such cases the temperature of work- 
rooms should be such that the worker is comfortably waim whilst 
engaged upon his duties, and the following have been found by ex- 
perience to be satisfactory — 

Bor heavy manual labour . 44 to 48 F. 

For heavy labour at machines 46 to 50 F 

For lighter labour at machines 50 to 54 F 

For veiy light laboui at machines 58 to 66 F 

For sedentary woik . 58 to 64 F 

Where a garage foims part of the scheme a branch should be 
carried from boiler m order that water m car radiators may not be 
frozen during wmtiy nights and week-ends 

In such a case, and wherever pipes must run from one building 
to another, they should be well wrapped round with some non-eon- 
duetmg material, oi, bettei still, packed m such material in concrete 
ducts formed underground, and during the winter months a small 
fire should be kept under boiler so that a limited circulation is 
maintained 
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THE SANITATION OP THE FACTORY 

The provision of improved sanitation m the factory is a phase ot 
welfare work that has been too long neglected 

It must be admitted that Public Health Acts and Factoiy In- 
spectors have made the -state of things which existed some years 
back quite impossible to-day, but even now legislation can only insist 
on the provision of what conveniences are necessary for common 
decency It is no good making the factory cheerful and bright if 
lavatories and W.C *s are dull, dirty, and sloppy, and the provision of 
white walls and white glazed fittings will, if installed, foster the spirit 
of cleanliness that is so much to be desired. 

For the puipose of this chapter sanitary work is divided into — 

1 General considerations 

2 Intercepting lobbies 

8 Lavatories. 

4 W.C’s 

5 Urinals. 

6 Baths 

7 Drying rooms 

8 Locker rooms 

General Considerations. — The floors of all the above depart- 
ments should be of impervious material laid to a slight fall to glazed 
channels or gulleys, so that any water that may be spilled on them 
will dram away, and so that no possibility exists of the formation of 
pools of water on the floor 

A stand-pipe with length of hose should be provided m older that 
the floors may be washed down and squeegeed at frequent intervals. 
The walls should be lined with glazed bricks and the junction of floor 
with walls made by a slight curve, also all corners should be i oundecl 

Thin glazed materials and tiles have been recommended for wall 
linings, but as these buildings are always subjected to comparatively 
heavy or lough usage, glazed bricks are much preferable 

(41) 
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Wheie the piovision of glazed bricks is thought to be too ex- 
travagant, a dado of them with upper part of walls painted may be 
substituted, but the cost of re-pamting at intervals should be taken 
into account m consideung the initial outlay 

The divisions between W C.’s should be finished m white glazed 
matenal, and if they are raised a few inches from the floor, gieatei 
cleanliness is obtained by the fact that they can be washed down 
moie easily. 

Hot and cold supplies should be provided m the lavatones on 
eveiy floor of the building to enable window or other cleaners to fill 
a bucket with watei without having to rest it m a lavatory basin, and 
if the mouth of the bib-cock is thieaded to leceive the hose-pipe, the 
stand-pipe before-mentioned need not be provided 

Lobbies, — Intercepting lobbies should m all cases be placed 
between the manufacturing poition of the works and the sanitary 
conveniences, except where the lattei foim distinct buildings 

These lobbies should, if possible, be cioss ventilated, but in any 
case large windows, with portions permanently opened, should be 
provided. 

Lavatories. — It is often stated that workers will not use lavatories 
wheie they aie piovided, and although this may occasionally happen, 
experience has pioved that when piopei facilities are given they are 
used by an evei-mci easing number of the woikeis, and the evidence 
of a recent Trades Unionist is interesting “ Material impiovements 
in the arrangements for washing are desnable It would be a great 
help if a worker could have the opportunity for really washing up 
and putting himself in a condition to go out with his family without 
having to return home Hist. Anything m the nature of evening 
recreation is rendered almost impossible if a worker has to travel all 
the way home, perhaps light through the city, and get cleaned up 
before letummg to the city with his family n 

Two types of lavatories ai e now in general use . — 

A Sepai ate basms 
B Washing troughs 

In both cases the matena! should be white glazed, the fittings ol 
stiong construction, capable of hard usage, and taps, wastes, etc., as 
simple as possible 

Where basms are used the chains and plugs often get broken and 
lost, and workers leave basins full of dirty water , and to obviate 
this trouble, the washing trough is becoming more and moie 
general 

It is generally placed so that woikers can stand on either side of 
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it, and consists of an open trough with a waste pipe discharging on 
to a channel in floor 

The water is delivered through a pipe pierced at intervals, and 
washing is canned out under the spray delivered , but lor occasional 
use a spray tap is also provided, and this should be fixed at such a 
height that the head and neck can be washed undei it 



Where this trough system is used the attendant regulates the 
ow and temperature of the water, and turns it on as the workers 
ome Irom the factory, also b) its use facilities for washing can 
e given in a smaller space than would be required with single 
isms. 


■c jus. 
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Where soap is supplied, the best toim is powdei 01 jolly, and a 
proper box tor it should be provided 

The provision of a sepaiate towel for each woikei causes a great 
deal of washing, but is the most hygenic system, and m laige woiks 
it will be found most economical to pi o vide a small laundry A de- 
partment equipped with washing machine, hydro, lionmg machine, 
and drying cupboard will easily deal with thousands ©1 towels per 
day, and will cost but compaiatively little tor upkeep 

W.C.’s — The latnne tiough should nevei be installed, and 
wherever possible the bracket form of wash-down W C should be 
used so that no dirty eomeis that cannot be easily washed down aie 
formed 

The piovision of W 0 seats which rise automatically and discharge 
water from cistern have been widely recommended , but as they 
easily get out of oidei, and simple strong fittings aie the greatest de- 
sideratum, a laige automatic cistern for the whole range, 01 chain 
pulls should be used. Hardwood lift-up seats should always be used. 

Efficient ventilation is essential, and should be provided tor by 
foimmg a ventilating duct connected with each lioor of sanitary 
block and with fan at roof level, as if this is not done, there is a 
possibility that the mam lactoiy exhaust may be continually thawing 
air horn the conveniences into the manufacturing portion of the 
factory 

Urinals aie always a difficult problem to deal with, unless, as m 
public conveniences, an attendant is permanently in chaige of them , 
and although m large factory lavatories an attendant is provided, his 
time is chiefly taken up in booking time m and out, and in controlling 
the lockei room, etc 

Whatever type may be chosen periodic cleaning is necessary, but 
to eliminate labour as far as possible, and to foster cleanliness, white 
glazed fireclay stall patterns with open channel should lie used, and 
the liooi 01 step on which they stand should slightly slope towards 
the channel The back should be m one piece with the channel, and 
the junction between stalls should be on the front, so that the only 
joints that come m contact with water are those of the channel. 
Automatic cisterns with gun-metal spreader jets for washing the 
whole surface should always be used 

Drinking* Fountains. — Facilities for obtaining a drink of water 
should be ai ranged for m every workshop, and spring valve taps 
ovei basins should be fixed at regular intervals down the shops. 
The use of common dnnkmg-cups cairies the risk of infection, and 
to eliminate this, a jet ananged so that workers’ mouth cannot touch 
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it)(> is common m American factories If this type of fitting is 
jftllod, pioyision should also be made for filling a jug or glass bom 
*V above the basin 



Baths.— The piovisiou of baths is not a necessity in the majority 
tiolorioH, but notwithstanding this fact, the tendency among large 
oncan firms is to piovide them, and to give every worker the 
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opportunity of using them (dm mg the firm’s time) at least once a 
week 

It should be remembeied, that wheie work is canied on under 



conditions necessitating intense heat, a bath before leaving the works 
will often ward off muscular rheumatism, and thus prevent absence 
and bioken time m the factory 
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Some English and many American firms provide large swimming 
baths for their workers, but this will be more fully dealt with in the 
chapter on welfare work 

Where, howevei, the piovision of baths is vital, and wheie many 
are to be taken at the same time, the most economical and effective 
form is the “ showei ” type, and it is stated that the effect on the 
skin of the falling water is moie stimulating than a dip or dive m a 
large bath Where used by women, the position of the spiay must 



Fig. 17 —Girls’ swimming bath, Messrs Cadbury’s woilcs, Bournville. 


be modified m order that their hair may be kept dry, and this is most 
easily done by fixing the spray as a ling at shoulder level or by 
attaching it to the end of a flexible tube 

A reasonable number of bath cubicles should be provided, but a 
large, heated dressmg-room where workers may partially dress and 
undress should be placed near cubicles, for by its provision the 
number of cubicles will be reduced, and much time will be saved to the 
workers. The cubicles should be provided with doors or cui tains to- 
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secure pnvacy, and an open-slatted seat and clothes pegs should be 
fixed on back wall A width of 3 ft and depth of 4 ft to 4 ft 
6 ms is sufficient, and the divisions between cubicles should be 6 ft 
3 ins from flooi to top, the bottom being laised 3 ms. from floor to 
allow foi cleaning An attendant should always be placed m chaige 
of the baths, and the tempeiature and supply of watei should be 
under his conti ol 

Drying™ rooms. — In man} tiades where baths aie a necessity, 
the conditions of emplo} ment require that provision should be made 
foi drying of clothes and oveialls To place damp clothes m lockers 
with hot-water pipes beneath them may, but m many cases will not, 
be effective, and wheie much clothing has to be dealt with a drying- 
100 m should be built If this cannot be ananged for, lines should 
be fixed ovei the diessmg-ioom above leferred to, and a system ol 
pulleys foi raising and lowering installed , and if the building is kept 
at a temperature of about 70° F and fans fixed to keep the au m 
motion, the clothes should be quite diy and well aired by the time 
that they are again required 

Locker Rooms. — A separate lockei should be provided for each 
workei, and on it his name or woiks number should be placed 

Lockei s should be placed so that they are undei the control of 
the lavatoiy attendant, and ample space between lows provided, so 
that workers can put on theii coats when doors are all opened 

If the lockei s are not conti oiled by an attendant theie will 
geneially be complaints of pilfenqg, and the plan of placing the 
lockers against walls and radiating from the attendant’s office (smnlai 
to the stacks in free libraries) is a good one. 

The best type of locker is of sheet iron, raised a few inches fiom 
floor and pierced at base and top with holes for ventilation. It 
should be fitted with hooks for clothes and a shelf provided, on which 
the worker may leave any piopeit} that he may not need m the 
works 

Drains. — In man} districts the local authorities will insist on 
the sewage drains being kept quite distinct from those for ram watei . 
Even where this is not the case, it is often advantageous (especially 
m country districts) to keep them distinct and to mn the rain water 
to a collecting tank for futuie use m the building. 

Whether salt-glazed eaithenwaie or iron pipes shall be used 
will sometimes depend on individual preference, but m all cases iron 
diains should be used where under buildings 

Iron drains are more expensive than stoneware, but their advan- 
tages m strength more than compensate for their extra cost; but 
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when they are used their internal faces should be treated with 
Dr. Angus Smith’s solution, 01 some other means taken for preventing 
them from rust and corrosive decay. 

All ]unctions and bends should be provided with cast-iron in- 
spection eyes and propeily built manholes formed at each change of 
direction Wherever hot water is allowed to pass into a drain, ex- 
pansion joints should be formed. 

Where a garage is pait of the factory buildings a petrol intercept- 
ing chamber should be built between the gaiage and the mam drain. 
The form insisted upon by the L.C.C., which consists of three 
chambers with inlet near top and outlet at bottom m all eases and 
with removable cover over each, will not only save petrol but will 
pi event trouble with the sanitary authorities. 

Similar intercepting chambers should also be formed in the 
drains from buildings fiom which oils and waste products may es~ 
cape into sewers 

Where a factory is built in the country and no sewage system 
exists, the provision of a septic tank and system is preferable to 
cesspools, providing always that it is possible to run the discharge 
over the adjoining land 


4 
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TEMPORARY BUILDINGS AND MOVABLE SITTINGS 

The past few yea is have, owing to the wai , witnessed the erection 
of temporal y buildings on a quite uniirecedented scale, and although, 
as earlier stated, the employer is well advised to build permanent 
fire-resisting structures, it may sometimes be needful and expedient 
to erect sheds or buildings that will only be requiiod foi a short 
time For example, where only a portion of a complete scheme is 
now erected, it may happen that some adjunct is required which will 
have to be cleared away when extensions are necessary, and m such 
cases a lighter form of construction is sometimes justified. 

Whilst this is so, the possibility of building some of the extended 
and future bays, and for a time adapting them for present uses 
should always be considered, for matteis such as drainage must bo 
provided for, and it cannot be too often reiterated that everything 
should be approached with a view to the future. 

Where, however, temporary buildings must be erected, the 
cheapest foim of construction is by means of wood framing, covered 
with weather boarding or corrugated sheets for the sides, and with 
corrugated sheeting or felt for the roofs Weather boarding is 
cheaper than iron sheeting but is not so lasting, and where it is 
probable that a temporary building will have to be pulled down and 
re-erected after a year or two, the use of the litter is more economical 
and preferable Foundations of brick or concrete should he pro- 
vided, but where floor is raised some distance from the ground, 
brick piers will be found cheaper and easier to form than concrete 
ones. 

As m the construction of the permanent building, the setting out 
of these structures should be as far as possible standardized, and if 
it can be arranged, small spans should be adopted for joists and 
roof principals The latter should also be of low pitch, for the wind 
pressure that m a permanent building is almost negligible, is in a 
lightly-constructed building an impoitant factor, and some means of 

( 50 ) 
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anchoring principals to supporting posts and to ground should be 
adopted , also ample wind bracing must be provided 

It the needs of the building call for large spans, queen-post trusses 
01 constructions of the Belfast truss type will be found most eco- 
nomical, and the principal, so well applied in the latter and m recent 
war buildings, of using small scantlings bolted together should be 
generally applied, for lighter scantlings are always cheaper than 
heavy ones, and, moreover, can be moved without elaboiate lifting 
appliances. (It is very doubtful whether any timber more than 2 or 
3 ins m thickness is needed for constructing temporary sheds even 
where an intermediate lioor occurs.) 

When corrugated non is used rafters will be dispensed with, and 
even where boarding and glazing are employed a saving m cube timber 
can often be effected by placing the purlins closer together and by 
altogethei omitting the rafters. Where, as in long slopes of glazing, 
purlins aie necessary, care should be taken to assure that they will 
not bend oi sag under the weight and thrust of the glass. 

Eaves should, if possible, project a good distance over sides m order 
to protect work below from driving rams, and although such over- 
hanging gives a greater possibility to wind lifting the building, this 
can be guarded against by the anchoring of the principals above 
referred to and by canymg down the supports into the conciete 
foundations. 

Cast or galvanized iron eaves gutters will be most economical 
externally, and where internal gutters occur asphalt possesses many 
advantages over cast iron from the fact that no joints are necessary ; 
for as is well known these are often the greatest sources of trouble m 
laige single story buildings 

Wheie felt is used for roof coverings its employment for gutters 
is often urged, but owing to its short life it should never be used unless 
covered with asphalt. 

In all cases where there is a possibility of removal and recon- 
struction, temporary buildings should be bolted and screwed together 
rather than spiked and nailed 

Movable Fittings. — The punciple of standardization should as 
far as possible be applied to the design of all screens, fittings, and paiti- 
tions between departments and to the foremen’s and check offices, and 
they should be constructed and fitted together so that they may easily 
be taken down and refixed m new positions w r hen extensions occur. 

Strong steel angles used for fixings at floor and ceilings will be 
generally found most convenient. Where screens are needed for 
dividing off one part of a department from another wire or metal 
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mesh has many advantages over solid partitions, as by its use patches 
of stagnant air are greatly reduced, lighting is not impeded as by 
solid or even glazed screens and a saving in cost is effected. 

In constructing the foremen’s offices the floor should be 18 to 27 
ins. above general factory level. Glazed sashes should be fixed on 
all sides in order that any part of the factory can be seen, and a slid 
ing sash to do away with the necessity of constantly opening door is 
often very useful. 



CHAPTEB IX 


WAREHOUSE AND STORAGE BUILDINGS 

Warehouses and stoiage buildings may be divided into four types — 
A Buildings or sheds for storage of raw material, 

B. Buildings for storage of: finished articles 
0. Warehouses buildings not connected with the factory 
D Buildings of the furniture depository class. 

Space for storage of raw material and for the finished articles is 
generally required in all works, but in small concerns will generally 
occupy a portion of the factory. In this case the material, where of 
an inflammatory nature, should be as far as possible cut off from the 
manufacturing portion of the woiks by fire-resisting walls and doors. 

Where, however, the business is a large one the provision of the 
separate buildings classed above undei A and B will save much time 
and expense m the oigamzation of the works and will greatly reduce 
fire nsks These buildings, especially the former, must be near to the 
factory, but should, if possible, be entirely distinct from it, and if 
covered ways are required, they should be open at sides and roofed 
with fire-resisting material 

In all businesses goods arriving and leaving the works must be 
checked and sometimes weighed, and small offices should therefore be 
formed both at entrance and exit gates, and where weighing is neces- 
sary weighbridges formed in front of these offices 

To deal with the special and different requirements of each and 
every trade is impossible, but the following rules apply in all ware- 
house and storage buildings . — 

I Stores should be placed so that raw material is as near as 
possible to that part of factory where it will be used. 

2, Arrangements for removing any material in the stores without 
interfering with or moving other stores should be provided. 

3. Where fittings or stacks of material occur the gangways must 
be wide enough to allow passage from opposite directions without 
temporary blockages. 
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Fig. IS.*— A woodstore building. (A Alban Scott, Architect.) 
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4 If weights dealt with aie heavy, tiamways or oveihead 1 un- 
ways should be foimed, care being taken to make the beams suppoit- 
mg them stiong enough to cairy the moving loads that they will 
leceive 

5 Wheie goods are of such a nature that they would if stored or 
placed leaning against a wall tend to push it over by their weights, 
either racks should be formed clear of walls or the walls themselves 
should be stiffened and constructed to receive such stresses, and 
reinforced concrete lends itself best foi this purpose. 

6 The sufficiency of light neeessaiy for a warehouse is generally 
less than that requiied foi a factory, and the placing of the windows 
high up will often pi o vide valuable extra storage space 

7 The buildings should as far as possible be divided into self- 
contained units by brick walls, and the necessary openings between 
them closed with double fire-resisting doors 

In all storage buildings the outside jib crane for lifting goods to 
upper floors is not to be favoured, and the plan of forming cartways 
into building with floor at level of top of diay and with lifts adjacent 
is much to be preferred* 

Where buildings are of class D, in which the goods may be left 
for long penods, the piovision of an external lift with galleiies lead- 
ing to each door will gieatly reduce hie nsk, and an example of such 
a building in which each floor virtually constitutes a self-contained 
building is shown m Fig 74 

The construction of warehouses is somewhat sirailai to that of 
factories, and although each class of material will raise its own 
problems, the chapters on the factoiy are genei ally applicable to this 
class of stiucture 



CHAPTER X. 


BUILDINGS FOR INDUSTRIAL AND SCIENTIFIC RESEARCH 

The need for more scientific lesearch m connection with Biitish 
industry is geneially admitted, and although research departments 
have for many years been the rule m some factories, their number in 
comparison with America and German firms has been small 

At the present time m America there are seveial manufacturing 
corporations spending sums up to £100,000 annually upon research 
work, and whenever a him reaches a ceitain size, and feels the need 
of such research work, the building and equipment of its own 
laboratory follows as a matter of course 

Research woik in the factory ma> be divided into four mam 
sections — 

1 Testing and analysis of material, both raw and in finished 
state. 

2, Research woik earned on for improvement of existing pro- 
cesses 

3 Reseaich woik for the development of some new branch of 
industry. 

4. Pure scientific research 

J Tesimff and analysis of raw material, material m course of 
manufacture, and of the finished product is most commonly mot with, 
for the testing of raw material is necessary to discover and eliminate 
the piesence of foreign matters that would affect the processes carried 
out in the factory, or would spoil the goods manufactured 

Sometimes these tests must be very rapidly made, and as an ex- 
ample of the testing of material in course of manufacture, and of the 
speed with which it must be carried out, we may cite the elimination 
of phosphorus f rom steel. During the time that the sample is being 
cooled and examined, the charge of molten metal must be kept in 
the furnace, and where such tests are needed, the arrangements for 
carrying them out must be in close proximity to the works. 

It must, however, ho stated that the need for testing is in many 

(• r >7) 
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tiades almost eliminated, il law matenals are supplied by firms 
of high repute, and in such cases, unless the needs of the business 
warrant woik under groups 2 and 3, a laboratory is unnecessary. 

Again, the equipment of special testing apparatus lsioften beyond 
the financial means of smallei firms, and in such cases outside help 
is employed, for unless the laboiatoiy is propeily equipped and an 
efficient staff installed it is worse than useless. 

2. Eesearch work earned on for the improvement of existing pro- 
cesses has been too often lacking m British industry m the past, and 
there is little doubt but that the more thorough scientific investiga- 
tions carried on by foreign firms has led to the partial loss of many 
of our maikets, and has given the foreign manufacturer many ad- 
vantages over the home manufacture! 

3. Eesearch work for the development of some new branch of 
industry has been greatly developed during the past few years, and the 
results of scientific discovery will m the future play an ever-increa&mg 
part m the “ production of many trades,” and u production ” is essenti- 
ally the basis of national material pi osperity 

In numerous cases the building m which it is carried out will 
become a factory m itself, equipped with all necessary machinery and 
tools for carrying through expeiimental pi oducts from raw material 
to its finished state, and in many works the profits on the sale of 
what is pioduced in the research building will entirely pay for its 
upkeep. 

4. Pure scientific research is not generally expected to be earned 
out by industrial firms, but bids fair to become more common m the 
future, and the following extract from a recent Government publica- 
tion dealing with American industry is noteworthy “Among the 
most progressive firms there is a growing appreciation of the fact 
that almost every discovery m science ultimately may have influence 
on industry. Such firms devote increasing attention to research of 
this character, and in some eases special laboratories have been in- 
stalled quite distinct from the ordinary research laboratory for this 
purpose This may be viewed as a very far-seemg business policy, 
directed to outstripping competition by the continuous provision of 
discoveries, which may sooner or latei be turned to industrial account 
It is recogmxed that in such cases there is a probability of a great 
deal of the new scientific knowledge thus obtained being only of 
limited use to the particular industry concerned. On the other hand, 
one successful discovery may result in such important industrial gains 
as to outweigh by far the cost of all the abortive research.” 

The plan of the works laboiatory will entirely depend on the 
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investigations to be carried on, and no two buildings are likely to 
have the same requirements, but there are certain matters that apply 
in all buildings devoted to scientific leseaich. 
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Second Floor PRC 
Fig} 21 — A re&earcli laboratory 

Before dealing with them, however, it must be stated that co- 
opeiation of the architect and the works chemist or physicist is essen- 
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Hal if the building is to bo a success, and is to fulfil the requirements 
of the works at a minimum cost, and without constant alterations. 
Sketches showing position of all fittings, ducts, vents, etc , should 



rhURD FLOOR 1 ° Fs C 



Fourth Floor F R C . 



Fitth Floor PFC 
Fia 21 a — A reaoarch laboratory 


bo made, and discussed with a view to future and extended uses, and 
until the research staff have formulated their scheme of working, no 
final drawings should be commenced. 
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In the design of the buildings, the chemical laboratory should 
occupy the topmost floor of the building, and lantern or roof-lighting 
should be provided in addition to the windows in external walls, also, 
in close conjunction with this laboratory a balanco-ioom and store 
for chemicals should he piovided A room for the chief chemist is 



necessary, and m laige blocks a smaller laboratory and one or two 
sepai ate offices are needful 

The physical laboratory should occupy the floor below, and be 
easily reached from the chemical department, but where heavy test- 
ing occuis, it should be carried out on lowest floor, and m some trades 
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a special building may be necessaiy to pi event vibration m the rooms 
where delicate experiments are being performed 

Space foi a libiary or leferenc e-room, and stores for apparatus 
and general records should always be arranged for, and the construc- 
tion of seveial ducts below the floors, especially in the chemical 



department, will save many alterations as more and more pipes and 
wires are installed in the building 

Vibration must be reduced to a minimum, and a monolithic 
building of reinforced concrete will generally give better results than 
one of brick and steel construction, and in all departments where 
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corrosive acids are used, exposed metal work should be avoided, and 
teak or hardwood used for frames, doors, etc 

The Chemical Laboratory, as befoie stated, should be on top 
of building, and should be cut oh* by cross-ventilated lobbies so that 



smells and fumes are prevented from spreading to other portions of 
the structure. The walls should be of white or cream glazed bricks 
or tiles, and doors and window frames enamelled so that the whole 
room can be washed down at intervals. 

Teak blocks about 2 ft. apart built into walls every 18 ins. in 
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height are often found very useful for fixing apparatus, etc , both in 
the chemical and physical laboratories 

The windows and skylights should be made to open, and may be 
glazed with clear or translucent glass, but all coloured glass must be 
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excluded, as light passing through it might interfere with the work 
earned on in the building 

The flooring material will greatly dopond on the usos of the room. 
It wood is used hardwood blocks arc best, but of whatever material 
it is made of, anything that tends to wear dusty must be avoided. 
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In large electrical laboratories, wheie battei y-rooms are needed, 
the floor should be of asphalt 

A floor-covering used m some American laboratories is rezalite 
mastic, which is a preparation of elatente containing some asbestos 
fibre, and is superior to asphalt as it gives elasticity to the floor 
and at the same time does not yield under the weight of heavy 
furniture. 

The ducts under floor carrying pipes and wires, chemical drains, 



Eig. 26. — Locomotive testing laboratory, Pennsylvania Railway Clo,, U.S.A 


etc , should be fitted with easily removable covers for their whole 
length, so that faults and leaks may be easily located and alterations 
easily made The bottom of ducts should also be laid to a slight fall 
to a catch-box gulley. 

The sinks, waste pipes, and chemical drains should run to a cess- 
pit with movable inspection cover, so that any foreign substances 
may be intercepted before falling into drains or sewers. 

Pume cupboards are generally necessary and should if possible 
be fixed against a wall. Theii base should be formed of a thick slate 
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slab and the glazed enclosure should be constructed to eliminate all 
cornel s m which stagnant air might lemam. 

Outlets connected by glazed stoneware pipes to a duct with fan 
01 other means ot withdi awing the vitiated an are necessary 

The design of special ovens, closets, etc , must be settled with the 
woiks chemist, but a laige porcelain sink, fitted with hot and cold 
water and with large draining boards at either side and rack ovei, m 
necessary toi washing apparatus 



Fig. 27. — Works lab&ratory, Mosers. Cadbury Bros., Ltd., Bournville, 

The Balance Room must be as Xar as possible free from vibra- 
tion, and should be cut off from the laboratory so that fumes and 
gases cannot enter therein. Where very delicate work is carried 
out the balance should rest on a stone or reinforced concrete pillar 
carried up from foundations and kept entirely free from the remainder 
of the construction of the building. This may be effected by forming 
the pillar in a well with a space left around it where it passes through 
balance-room floor, but where this is impossible or the work does not 
necessitate such extreme accuracy the balance may stand on a shelf 
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built into and lestmgon biackets fixed to walls, but m no ease should 
the balance table be supported fiom floor. 

Storerooms should be^of ample size fitted with diawers, bins, 
and shelves, and m laige buildings an adjoining room foi the special 
apparatus maker should be piovided. ✓ 

The Physical Laboratory and Balance Room should be gener- 
ally constructed as m the chemical depaitment, and if top light can 
be obtained it is often an advantage 

As expei iments needing total daikness are often necessary in 
this depaitment, a dark-ioom should be built, but if this cannot be 
arranged 01 is not justified, light-tight shutteis should be formed to 
all windows and skylights Perfect blackness is most easily obtained 
wheie the daik-ioom is built within the structure away from all 
external walls, but where it is on an external wall a northern aspect 
lends itself most easily to being daikened by black blinds running m 
light-tight grooves at eithei side of window 

The Store should enter from the physical laboratory, and where 
very delicate or bulky apparatus is used special moans must be 
devised for moving and placing apparatus in position. This, how- 
ever, so much depends on the type and use of building that it can 
only be individually settled with the research workers 

The heating and ventilating of the building need careful con- 
sideration, foi every possible means must be taken to exclude damp 
and dust from the building, and a “ plenum M system m which the 
air is washed and waimed before enteiing the building is generally 
most satisfactory. 

In conclusion, it may be uiged that as industrial research bids 
fair to occupy a still greater part in the organisation of the factory 
of the future, all buildings for this work should be designed to allow 
for the possibility of future extensions 
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WELFARE WORK AND WELFARE WORK BUILDINGS 

Various matteis dealing with the development ol welfare work m 
the factory have already been dealt with in pievious chapters, but 
its evoi-incieasmg influence m the design of industrial buildings, 
and the distinct departments that are necessitated for its application, 
make it advisable that a separate chapter should be devoted to them. 

A generation or so ago the factory and its organization was 
looked upon as the peculiar and especial property and interest of the 
employer, and was built with a view to cieate wealth for himself 
alone, and provided that he paid the wages due to his workers, it 
was generally assumed that bis duties towards them were [Willed, 
Little by little Factory Acts and social legislation had raised the 
standard of hygiene and decency in the works, the influence ol 
model employers, such as Messrs. Lever Bros., Messrs. Eowntree, 
etc , was spreading, but the coming of the war with its contingent 
repoits by the Health of Munitions Workers Committee and other 
bodies, together with the powers given to the Home Secretary, have 
given an impetus to all phases of welfare work dealing with the 
factory and its workers. 

So much is llus so, that the supenoi peison who formerly sneered 
at welfare work is now quite alairacd, and is raising the cry that 
welfare work is being overdone*, and that industrial ruin will follow 
in its footsteps. The best answer to this is the practical one that 
Auun lean Arms, who are generally very wide awake, have done and 
are still doing more and more for their workers, not only on char- 
itable grounds but because they find it pays, and as instances wo 
may quote such firms as The Ford Motoi Go and The National 
IJash Register Co., whose developments are of world-wide renown. 

Turning now to British firms, it is found that those doing most 
for their workers are those ranking among the most prosperous 
businesses of the country, and the experience of the firms who have 
made a study of the subject in their own works is . that welfare work 

(( 59 ) 
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is not a giatuitous chanty on their part, but is, on the conti aiy, an 
investment that m the long lun more than pays for itself. They 
have proved that pleasant working conditions and contentment m 
the factory have eliminated many of the petty troubles that have in 
the past led to friction and consequent delay in production, and, 
moreover, that then workers are not so easily tempted to leave them 
and to transfer to a rival firm This last point is often not appre- 
ciated at its true value, but when it is realized that m many trades 



Fig 28— Girls’ lecieafcion ground, Messrs Cadbury’s works, Uoumvxllo. 


several weeks are often spent in tiaining a worker to carry out some 
process, and that during that time the lirm is paying wages, the 
investment of a furthei sum to keep such trained hand is but a 
sensible business proposition, and is met by many firms by setting 
apart an annual sum lor each employee, this sum being spout in 
entertainments, outings, and instruction in outside subjects, etc 

It would be easy to fill a large volume with descriptions of whak 
is being done at Port Sunlight, Bournville, and York, and the illus- 
trations will exemplify the scale on which these firms are working. 


PORT SUNLIGHT 
CHESHIRE 
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but as an example of a smaller firm the following description of the 
system in vogue at The Spirella Manufacturing Co.’s Works at 
Letchworth (where about 600 persons are employed) is inteiestmg . — 



Bathrooms are provided, and each employee — both male and 
female — has the privilege of taking one bath in the company’s time 
each week. 




WELFARE WORK AND WELFARE WORK B GILDINGS, 


73 


Library and Rest-room. — A complete first-aid equipment is 
provided, with accommodation sufficient to meet all oidmaiy de- 
mands, the nurse being m constant attendance The nurse also acts 
as libianan m supplying books for leading dining the noon hour for 
all those desiring them aftei having luncheon on the premises, also 
lists books loaned foi home leading There are now m the library 
appioximately 1200 volumes A number of suitable and atti active 



Fig 81 — Girls’ hospital, OnrLm Building, The Curtis Publishing Co,, 
Philadelphia, U.S.A 


periodicals are placed in the library each week or month, and writing 
materials are also supplied. 

Eye Welfare. — -This is a new welfare movement that has been 
recently organized, and promises to be one of the most helpful An 
optician has been engaged to visit the woiks once every week, m 
order to examine the eyes of employees, and to make recommenda- 
tions as to their needs in ithe way of eye support through glasses or 
through change of work, or whatever may be best for the individual. 
It is expected that a great deal of good will result from this, and 
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already many corrections have been made in case of those worn mg 
glasses that weie unsuited to them. Many workers who had need 
of glasses and were not wearing them have boon supplied, to the 
mutual benefit of themselves and the company 

Dining* and Refreshment-room.— Refreshments mo supplied 



at cost oi the food and drinks Lot all employees at least once daily, 
and all overhead expense is home by the company. 

Staff Training*. — Classes m eorsotry, salesmanship, and letter 
writing are cariied on, also classes in shorthand and typewriting, in 
which classes many of the present operators have boon trained* 
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Junior office workers also attend classes for arithmetic, book-keepings 
general commercial practice, essay writing, etc 

General Service. — In the matter of general service, where all 
employees have an oppoitunity to contribute who desire to do so r 
there is maintained by the women a needle service guild, constantly 
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preparing and sending comforts to soldiers, not only including boys 
who have gone from the factory, but others introduced by members 
from time to time, This guild also co-operates with the local Guild 
of Help in looking after the welfare of many families in the dis- 
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Recreations. — Clubs foi golf and tennis, an elocution and 
dramatic class, and classes for dancing, singing, needlework, and 
physical culture, are provided, and a large concert hall with seating 
accommodation for 1000 persons, and fitted with proper stage and 
diessmg-rooms has been elected, and is shown m Fig 55 



The description of all the types of welfare buildings now m vogue 
is beyond the scope of this work, but there aie two, first-aid rooms 
and canteens, that aie now so integral a part of the factory, that they 
merit a place m any volume dealing with factory buildings 

First-Aid Rooms. — The first-aid room should be at least 12 ft. 
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by 10 it., and oi good height. It should be entirely finished in hospi- 
tal manner with rounded angles and oorneis, and the junction ,oi 
walls and floor should be made with a cuivo at least 2 ms. radius. 



Good natural lighting is essential, and besides the indirect arti- 
ficial lighting, plugs for both light and power should be provided. 

For the floor jointless material is best, and the ceiling should be 
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enamelled white or finished m some material that can be washed 
down. The walls may be of tiles, glass, 01 hard plastei enamelled 



white, and all fittings should he capable of frequent cleaning so that 
the apaitment may be perfectly antiseptic. 

Large roomy cupboards for diugs, etc , must be provided, and in 
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large works a separate store fitted with sink and supplied with hot 
and cold water is a desirable addition 

Canteens. — The Health of Munitions Woikeis Committee ap- 
pointed by the Ministry of Munitions has issued seveial reports on 
mdustiial fatigue and on canteens, and these (especially those 
numbered 3 and 6) should be read by all interested m this subject 
It is self-evident that productive output m regard to quality, 
amount, and speed is laigely dependent upon the physical efficiency 



37 — Interior of canteen (A. Alban Scott, Architect.) 


and health of the workers, and these facts are well borne out m the 
concluding paragraph of the above report, which states . “ The 

Committee have been impressed with the consensus of opinion which 
they have received as to the substantial advantages both to employers 
and workers following the establishment of an effective and well- 
managed canteen. These benefits have been direct and indirect. 
Among the former has been a marked improvement in the health 
and physical condition of the workers, a reduction m sickness, less 
absence and broken time, less tendency to alcoholism, and an 
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increased efficiency and output , among the lattei has been a saving 
of the time of the workmen, a salutary though brief change fiom the 
workshop, gieatei contentment, and a better mid-day ventilation of 
the workshop The Committee aie satisfied that the evidence of 
these results is substantial, indisputable, and widespiead. In the 



isolated cases where the canteen has failed it has been evident that 
its failure has been due to exceptional circumstances, misuse by the 
workers, or mismanagement In almost all large works the Com- 
mittee find that there is a body of men or women (averaging at least 
25 per cent) who, in the interest of physical health and vigour, need 
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canteen provision at the factory They aie convinced that this a roup 
of ill-fed workers accounts in a large degree for such inefficiency as 
exists, and that its eneigy and output is reduced m the absence of 
suitable feeding arrangements ” 



Generally and Site. — The desirability of making the canteen a 
separate building has already been mentioned, and bearing m mind 
the tendency for the canteen to become the “ Workers’ Centre,” 
allowance should be made for possibility of extensions beyond those 
needed for normal factory increase 

6 


0^5 the 3)30 sign of factory and industrial lununiNus. 

When a scheme l’oi works is being prepared the settlement of 
the site foi the canteen must, of corn ho, be secondary to the factoiy 
itself, but a position having pleasant outlook should be given to it, 
and the dining and rest-rooms should, as far as possible, look away 
from the works. 

Sanitary conveniences, except for the staff, are not desirable in 
the canteen building, and should ho placed m a block by themselves, 
and wheie a sanitary tower or block is provided outside the factory 
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■Pin 10. — Tlio woilvB kitckon, Mourns. Cadbury Bros, works, Umimvillo. 

and out oil from it by a road, tbo desirability and economy of placing 
the can boon on tho opposite side will be at once apparent. 

Canteen buildings may vary from simple dining-rooms with 
kitchen and store to halls such as that at Port Hunlight, which is 
shown in Fig 38, but tho following are the minimum that should 
bo included m any schopio. 

I. Dining-rooms for each sox with separate rooms for clerks and 
foremen 
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2 Kitchen with wash-up adjoining 

3 Larder 

4. Store 

5 Office foi managei 

6 Staff-room 

7 Conveniences for staff 

Where it is possible, the following should be added, and anange- 
ments for throwing two or more into one room suitable for meetings 
or conceits should be made by forming some divisions with sliding 
oi removable partitions. 

8. Best-rooms foi both sexes. 

9. Verandahs 

Plan. — Everything "goes to prove that the canteen has already 
become a part of the noimal factory organization, and the building 
should theiefore be of peimanent construction 

Several methods of seivice have been tiled, but so far the general 
consensus of opinion is that the most economical and speedy service 
is obtained where each worker fetches his own food fiom a counter 
or hatch and carries it back to the table. 

Where but one dining-room is provided the kitchen should be 
placed at side lather than at end of building, so that no worker has^ 
to walk the whole length of loom to fetch his food. If two or more 
dining-rooms are required, the kitchen should occupy the centie of 
the block, but ample space should be left on one side for the larders, 
stores, etc , and for entrance of staff and goods 

Bairiers should be fixed m front of the counter or hatchways, so 
that each worker is served in his turn, and the counter should occupy 
as great a length of one side of dming-ioom as is possible, for very 
quick service will be expected by the workers and is a necessity 
where only a short time is allowed for a meal 

Entrance lobbies should, if possible, be foimed between dming- 
ioom and open air, and wheie entrance is on north or east side, the 
provision of a screen around door will prevent draughts blowing on 
persons neat entrance 

A buffet fiom which workers can obtain tea, colfee, or con- 
fectionery will be found useful in large dining-rooms, and where 
rest-rooms are piovided it may be found possible to place it so that 
it serves both dining and rest or recreation-rooms. 

The Kitchen, whether in middle of building or not, should be 
top lighted, and a central lantern with centre-hung sidelights will 
be found best, both for working and as a help towards ventilation. 

Cooking apparatus may be by means of steam, gas, coal, and 
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dectiicifcy All s\ stems have then champions .mil possess ci'jlam 
advantages, hut the first, will be tomul most expensive to install, ami 
Avhoi e elect) i city is geneiated m the vvoiks the piovwion ol the latter 
has many advantages. 

A small paved yaid should he piovided ueui kitchen entrance, 
and m it a pig t, tough loi wash' loot! ami scraps should he placed, 
also to pi event the accumulation ol i el use a small desliuctor will he 
lound to be dcsnahle 
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and either part of the panes should be filled with peiforated zinc 
panels, or permanently open ventilators should be built into walls, 
which latter should be lined with glazed bricks 

Moors should be of hard impel vious matenal and all shelves of 
slate or of artificial stone enamelled white 

The Store must be provided with laige bins and shelves, and to 
save wall space, windows may be formed high up and neai ceiling 
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jTm 42 Girls’ reoroation-room, Curtis Building, The Curtis Publishing Go., 

Philadelphia, U.R.A 

Floors of wood blocks aie to be preferred for this room, and all wood- 
work should bo enamelled white, and mouldings avoided. 

In large canteens the provision of a second stoieioom for spare 
cutlery, crockery, etc., will be found useful. 

The Office for the manager or manageiess should be placed to 
give as far as possible supervision over the kitchen staff, and goods 
entrance, lardei, and stores. If possible, a fireplace should be 
provided in this room, and it should be finished as an office and 
sitting-room combined Where its walls abut on to any of the other 
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departments, glazed panels with sliding shutteis or cui tains should 
be formed, so that supervision is as far as possible obtained without 
leaving the office 

A Staff -room must be provided with conveniences for both sexes 
when men and women aie employed in the kitchen stall, and in the 
latter case, either separate staff-rooms or small dressing-rooms where 
clothes may be changed are a necessity. 



Fig 43 -—A girls’ rest-room, Messis. Cadbury Bros works, Boimivillo. 


Rest-rooms should be near dining-room, and have entrances to 
verandahs where these are provided Where this is the case, it is 
a good plan to form all, or alternate windows looking on to verandah 
as doors opening direct to it, and this arrangement will in the summer- 
time greatly help to keep the atmosphere of the dining-room fresh 
and cool. 

Walls of brickwork, or of reinforced concrete piers with brick- 
filling for panels, will in most cases be best, and windows should 
occupy at least one-fifth of the floor area. 
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For window-f lames, either wood or steel sashes may be used, but 
the latter will not only 1 educe fiie usk, but will allow for better 
ventilation, and also reduce maintenance chaiges 
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counter, spilling of liquids is sure to occur, and scraps of food falling 
on the floor aie trodden upon, so that after a few months the ap- 
peal ance and atmosphere of the room becomes objectionable. 

To-day opinion is in favour oi one of the following — 

A Concrete, finished with either grano, a surface of cement, and 
a floor finish or asphalt 

B Concrete with linoleum laid direct upon it 
0 Tiles, terrazzo, or jointless flooring 

Of these, A and C aie to be generally preferred, as by their use the 
floois can be laid to a slight fall, to a channel against wall, and as 
often as necessaiy the whole surface can be washed down with a 
hose, and scrubbed with lubber blushes 

Roofs should be open up to collar beam if not to ridge, for the 
benefit of the increased height gained gieatly helps towards giving a 
better atmosphere whilst building is m use 

Owing to war conditions, the use of timbei principals or lattice 
constructions of Belfast truss type have been of late common, but 
to reduce the risk of file, steel or concrete principals are to be pre- 
* ferred 

Concrete flats with asphalt coverings aie relatively expensive, and 
pitched roofs covered with slates or tiles will not only be cheaper, but 
will tend towards a more effective appearance and grouping of the 
whole industrial block, and the psychological effect of taking the 
workers into a different type of structure during lest times will be 
found to be beneficial both to them and to the employer 

Lighting. — Windows should be glazed with clear glass and 
artificial lighting ananged as m the factory by indirect methods. 

The Ventilation of canteens is a difficult problem, and unless an 
expensive system is installed, louvres conti oiled by lods or cordb 
should be fixed on ridges and fans provided to keep an m motion 
The pi o vision of dormeis with opening sashes will also help to- 
waids keeping the atmosphere fresh, and will tend to give a brightei 
appearance to the rooms. 

The Heating System of the buildings will depend greatly on ib 
use. Where it is often used by workers after factory hours the in 
stallation of a low-pressure hot- water system will be found mosl 
economical, but wheie it is only used at meal times the heating and 
ventilation will be best effected by the installation of apparatus foi 
driving hot air into the building 

Fire Prevention, — The danger arising bom outbreak of fire 
should be minimized by constructing as far as possible with fire 
resisting materials, and if an outbreak does occur, the provision of 
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the large windows opening on to veiandah should enable the build- 
ing to be cleared in a very shoit time 

Hydrants should be installed as in the factory, and the decoiation 
of the building by paper rosettes and festoons should be prohibited 
Where non flues or pipes fiom cooking 01 heating appaiatus are 
carried thiough roof, arrangements must be made to insulate pipes 
hom 1 oof-boarding. 

The Finish of the canteen should be of matenals that may be 
readily washed down, but simple schemes of coloiu should be ai- 
l anged on the walls, fittings, and woodwork 

Care ought, however, to be taken to make these schemes quite 
distinct from those in the factory in ordei that the workers may as 
far as possible foiget the factory for a time, and thus return to work 
tefreshed both in mind and body 

Evei y thing that tends towards this should be favoured by the 
employer, and rules therefore should as far as jiossible be conspicuous 
by their absence 

Experience, especially m Amenea, has proved that the moie the 
factory can be humanized the better will be the industrial results, and 
what is of fai greater importance, an advance will be made towards 
the evolution of the perfect state 
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FIRE PROTECTION OF FACTORY AND INDUSTRIAL BUILDINGS. 

This subject was briefly discussed m Chapter IV , and although every 
building will laise pioblems of its own there are certain matters that 
are common to most industrial buildings woiked under normal con- 
ditions 

That the danger of loss of life owing to panic is quite as great 
as that ansmg from fire should always be remembered, and whatever 
may be the uses of the building it is the duty of the architect to so 
design it that the “risk ” both to the workeis and the goods manu- 
factured m it is reduced to a minimum, for although it is of 
pai amount importance that its plan must conform to the requirements 
of the tiade to be earned on m it, yet the exercise of caieful thought 
m choice of materials and file protective methods may eliminate 
many dangers, and at the same time 1 educe the insurance company’s 
ratings 

In making a lepoit on any building the fixe surveyors will take 
into consideration many factors, such as local fire service, water 
supply, width of street m which property is situated, and the uses of 
the adjoining property These matters cannot be controlled by the 
designei of the building, though they should influence his design, but 
apart from them the most important matters affecting the surveyors’ 
leport will be the construction of the building itself and its inherent 
possibilities of localizing any outbreak of fire 

A building may be exposed to danger both internally and exter- 
nally, but the nsk from the latter is m most cases almost negligible, 
and unless a structure abuts on works where highly inflammable 
trades aie canned on, or is m close proximity to a timber yard, no 
special protection is generally called for. 

Where, however, this is the case the paity walls should not be 
unduly recessed, and should, especially next flat roofs, be carried up 
higher than is required by the Building Acts, and no window or open- 
ings should be formed facing the “exposed” danger unless they are 
absolutely necessary. 


( 90 ) 



EIRE PROTECTION 


91 


Where this is the case windows should be glazed with fire-resist- 
ing glazing, and all doors formed of teak, or if of soft wood extern- 
ally sheeted with iron , and m cases where windows look into narrow 
streets or courts the same precautions should be taken, 01 shutters 
that will lesist fire fixed and kept m working older 

The majority of fires, however, aie caused by outbieaks within 
the building, and loss of life by fire or panic and destruction of plant 
and mateiial can be most easily guarded against by the following 
means — 

1 The use of fire-resisting construction and the provision of fire- 
resisting enclosuies and doors to all openings running fiom floor to 
floor 

2 The division of the building into blocks cut off fiom each other 
by fire-iosisting double doors with spaces between them 

3 Piovision of ample stancases and exit ways 

4, The installation of spmikleis, hydrants, oi other methods of fire- 
ex tin guishing apparatus. 

5 Periodic testing of all services within the building likely to 
lead to fires and explosions 

6. Periodic fire drill of all persons employed in the building 

7 Provision of adequate lightning conductors 

1. Fire ■“resisting Construction has been all eady dealt with in 
Chaptei IV , but it is not geneially realized how gi eat maybe the risk 
of fire spreading m a structure the shell of which is entirely of hre- 
resistmg materials 

Apart fiom the goods within the building, the iixing of soft wood 
partitions and fittings, the laying of floor boards on fillets with a space 
• below them, the use of lifts umning from floor to flooi, and the foima- 
tion of soft wood lanterns and skylights may reduce a so-called (Ire- 
resisting structure to a type of furnace which once lighted causes 
everything within it to be consumed 

For this reason hardwood or fire-resisting materials should if 
possible be used for partitions and fittings, and all lanterns and roof 
glazing bars should be of teak, iron, or concrete, and the latter is m 
many ways preferable 

Spaces between lloor boards and concrete should be avoided, and 
if a wood floor is needed blocks laid direct on prepared concrete 
should be used The spaces between hllets where these are used are 
often left by the builder filled with shavings, sawdust, etc., and beyond 
this, spaces that cannot be reached tend to make a building anything 
but hygienic. 

Openings to lifts and stairs should be fitted with self-closing 
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fire-resisting doors, and the lift-well should be encased with fire- 
resisting material of which brick 01 concrete is best. 

For windows, steel sashes are to be preferred to wood, as by their 
use risk of fire damage is lessened, and all lintels oyer both windows 
and doors should be constructed of fire-resisting material that will 
not be affected by the sudden application of a stream of water 
delivered from a hose nozzle at a high pressure 



Fig 44a — Concrete and glass lantern 


The use of wood principals and roof construction over an otherwise 
fire-i esistmg structure should be avoided, and now that methods of 
forming loof principals in lemfoiced concrete have been so much im- 
proved, these with a concrete roof slab are much to be preferred to 
steel principals and purlin cleats, with purlins, rafters, and boarding of 
timber 

In all buildings wheie many woikers are congregated near roof or 
where roof may be used by them, the provision of parapet walls is 
piefeiable to overhanging eaves, and where a roof slope and flat are 
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used a railing should always be fixed a little distance back fiom the 
junction of honzontal and sloping portions of loof 

2 The division of every factory building into blocks of 250,000 
cub. ft is with eompaiatively few exceptions insisted upon m London, 
and if the London Building Act was extended to the whole countiy 
the annual loss of life and piopeity from fire and panic would tend to 
be gieatly reduced (Apiopos of this matter the abandonment of the 
vanous Bye-Laws existing and their substitution of the London Build- 
ing Acts as a National Building Act, subject to disci etionary poweis 
being given to certain districts, would in the mam lead to moie 
economical building ) 

The various blocks of the building may be united by openings fitted 
with double iion doors, but care should be taken that these doois aie 
kept well oiled and that nothing is allowed to stand m the way of 
preventing them from being closed at any moment, and they should 
always be closed when the building is empty 

Whexe the limit of 250,000 cub ft can be pioved to be detumental 
to the trade or business foi which the building is constructed, power 
is given under the General Powers Act, 1908, to build to gi eater 
cubical extent, providing that the height of structure is less than 60 ft. 
and that certain conditions depending on use of building are complied 
with 

3 Staircases were paitially dealt with m Chapter IY , but the 
following matters deserve further attention — 

Permanent constructed staircases as alternative means of escape 
are to be preferred to movable fiie escapes, for if the latter are in- 
stalled they are veiy likely to be missing from possible exit point 
when required, oi the position m which they could be used is 
blocked by goods or even machinery 

Cupboards undei stairs are always inadvisable, and if used should 
be encased at sides with fire-resisting walls and fitted with teak or 
iron doors. Such suggestion may seem extravagant, but it should be 
remembered that a cupboard fitted with inflammable materials may 
by the smoke and heat generated m case of file render the use of the 
whole flight of stairs impossible, and m dealing with staircases it 
should always be borne m mind that downward escape may be 
checked by fire and smoke. 

Noi this reason staircases should be carried up to roof level and 
piovided with doois to open outwards, and these doors should be 
set in deep xeveals to eliminate the risk of them being scorched and 
set on fire by sparks and heat from adjoining conflagrations. 

Ways across roof with guard-rails should be formed, and from 
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the roof step-laddeis with flat treads and piovided with handrails 
should lead to the adjoining premises on either side or to staircases 
giving easy access to ground m detached structures 

4 The installation of appaiatus to deal with outbreaks of file is 
a necessity m every industrial building and may take various forms, 
but in most cases a sprinkler system will be found most efficient 
Where this is used a discount of fiom 25 to 70 per cent, is allowed 
off the premiums by the insurance companies if the system is carried 
out m accordance with their official rules 

Lines of horizontal distributing pipes are fixed at mteivals of ap- 
proximately 8 to 12 ft along the ceiling of each room, and are con- 
nected with large veitical using pipes supplied from the public water 
main, or any source that will keep the water m the pipes under con- 
stant pressure 

To each of the lines of distributing pipes and from approximately 
8 to 12 ft apart the automatic sprinklers are attached Should a fire 
break out m any pait of the protected building, the heat at once uses 
to the ceiling, where the tempeiature is veiy soon raised sufficiently 
to melt the solder which holds the valve m position, and this being 
released, water is discharged over the fire below 

To provide the necessary water foi the system a tank must be 
placed at such an elevation that rts base will be 15 ft above the 
highest sprmklei of the system which it supplies, m which case it 
must have a capacity of 7500 gallons If, however, the base of the 
tank be 20 ft or more above the highest spunkier a capacity of 
5000 gallons will be sufficient, but foi extensive buildings it is recom- 
mended that the tank should be of 10,000 gallons oi more 

The tanks are required to be covered in and pieferably are 
enclosed m towers. They are to be kept constantly filled with 
clean water and provision must be made to pi event the water fiom 
freezing. 

It it is not convenient to use such a tank, the system may bo 
worked by pumps which must be automatically self-starting. 

A modification of the ordinary sprinkler is the “ diencher ” 
spiinkler This is an open spnnklei or valve placed on an empty 
pipe, the water supply being controlled by a valve which is opened 
on an outbreak of fire. The object of this type of sprinkler is to 
form a sheet or wall of water to prevent the flames from passing from 
one building to another either through a door or windows, and can 
be used to protect the whole frontage of any building in danger from 
a file raging m its neighbourhood 

Hydrants, where necessary, should always be fixed near stairs 
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and m positions of easy access, and should be inspected at regular 
intervals. One or moie lengths of hose similai to that used by the 
local fire brigade, together with nozzle, should be kept in a case near 
hydrant and should nevei be used except for purposes of fire pro- 
tection 

Where sprinklers are not used the provision of fire buckets and 
chemical fire extinguishers is a necessity, and these should always be 
placed m such a position that they may be reached by anyone m the 
building without the help of steps or ladders 

Owing to the trade carried on in some buildings, sand is some- 
times more useful than watei, and in such cases a large bin or tank 
with outlets from which buckets may be filled should be piovided in 
addition to the sand pails that should always be kept filled. 

5 Periodic testing of all gas and electric systems should be made 
at least every three months, and no tampering with fittings should be 
allowed Where steam pipes pass through wood partitions a clear 
space should be left between pipe and wood, and if this is impossible 
the opening left filled with asbestos. 

6 Fne drill should be practised m all woiks, and at stated inter- 
vals the woikers should use the alternative means oi escape 

Crowbars and necessary tools for localizing an outbreak should 
be provided neai hydrants, and movable boxes for the reception of 
oily lags, waste paper, etc , provided 

A geneial fire alarm system is necessaiy m all large works and 
may be earned out by bells, whistles, or gongs 

Where sprinklers are installed the latter can be coupled up with 
the flow-pipe from tank, so that as soon as an outbreak occurs and 
water begins to flow the gong is automatically sounded 

7. Lightning conductors should be fixed to all buildings, and where 
a large area is coveied, several may be required 

It is generally assumed that a lightning conductor will safeguard 
everything within a cone of 60°, and Fig. 45 shows a building fully 
protected 

Buck and stone is stronger m withstanding electrostatic stresses 
than metal, and foi this reason reinforced concrete buildings must bo 
amply protected, and every means taken to prevent leakages into the 
construction. The piovision of several conductors will not, as is 
sometimes supposed, lead to a building being struck, but will, on 
the contrary, prevent flashes occur ring at the several points, which 
serve as leaks to the electric charge, and so greatly reduce its 
power. 

Copper tape makes the best form of conductor, and all joints in 
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should be strong and with good electrical conduction. Where 
yeral points occur on a roof they may be connected to a mam 
nductor leading to the earth plate, which should be at least 6 ft. 
low surface. An earth plate 3 ft square will geneially be sui- 
ient m moist earth, but where ground is dry its size should be 
uch greater. 



Pm 45 —Building protected against lightning 

Chimney shafts, especially where of reinforced concrete, should be 
irovided with double conductors, one on either side, and the top ends 
ihould be riveted and soldered to a continuous band around the top 
>f the cap, which should be fitted with from 4 to 8 long single- 
minted coppei rods. 

On tall chimneys a test clamp should be fixed near ground in one 
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of the tapes so that no ladders are requhed when testing takes place, 
and as all conductor systems are liable to get out of order, theyishould 
bo inspected and tested at intervals. 

The risk of fire is ever present on account of the carelessness of 
workers, but suggestions as to rules withm the factory would be out of 
place in this volume As the most stringent rules, however, cannot 
eliminate the human element, eveiy building should be so designed 
that when flies occur no person can possibly be trapped 


7 
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THE ARCHITECTURAL CHARACTER OF THE BUILDING AND THE 
PREPARATION OE THE DRAWINGS 

The opinion is often expressed that an architect is not required for 
the design of factory and industrial buildings, and that the simplicity 
of then lines leaves no chance of: any character being impressed upon 
them 

Such statements seem to spring from a mistaken notion that 
architectural character is something that can be given to a building 
by firstly, sacrificing certain uses for the prupose of gaining effects, 
and secondly, by adding extraneous ornament in the same maimer 
that sugar decorations are added to a cake, and both ideas are oi» 
roneous Rightly understood, architectural charactei many building 
is the expression of its constiuction, and in a modern stoel framed or 
reinforced concrete building, wheie the weights of each part are carried 
direct to stancheons or piers placed at regular intervals, the architect 
may, by the exercise of thought and by the expenditure of but a trifl- 
ing sum, give an impression of power and dignity that can only other- 
wise be obtained m large public buildings 

The monotony of the average Victorian-age factory is apparent to 
every one, and it must be admitted that when money was allowed for 
the elevations, ornament and details that would have boon just as 
much m place on a block of flats or on a small public building were 
often wrongly employed 

The tendency, however, now displayed by both American and 
English architects of concentrating on the structural linos, and 
which is exemplified m many of tho illustrations in this volume, 
should prove that architectural effect may bo gained without any 
sacrifice of the uses of the structure. 

Where a sprinkler system is installed the height and enclosure 
necessitated by the tank will, if properly dealt with, form a fitting 
central feature of the whole group, and careful placing and detailing 
of the canteen and office blocks may lead to a mass grouping that is 
impossible with ordinary city buildings, 
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In placing the buildings on the site the desirability of setting the 
whole structure back from the road and forming a grass lawn 01 
flower beds m front is worthy of consideration if land can be spared 
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Ftg. 46 — Main entrance to offices lor Bovnl, Ltd , Old Street, E C 
(Lanohester & Rickards, F F R I B A , Architects ) 

for such purpose Not only will less dust drift into factory from the 
passing traffic on main road, but the appearance of the building will 
be improved, and this alone is a great asset from the advertisement 
point of view. 
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The effect of approaching and entering a well-grouped and digni- 
fied building has also an influence on the workers that tends towards 
happiness and better production, and although advertisement and 



psychological effect on workers have been but little considered m this 
country, they are in America lealized to be of great importance. 

In the preparation of the working drawings, clearness and ac- 
curacy are essential, and as most industrial buildings have to be 
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lapidly eieeted, every detail of construction should be settled and 
drawn out befoie work is commenced 

Except for the key plans a scale of l m. to a foot is usual, but 



sections thiough bays and elevations should be drawn to a scale of 
4. in. to a foot. This may seem unnecessary, but it will often be found 
that m drawing out to this scale difficulties that would afterwards 
arise will be at once solved, and subsequent time and expense saved, 



102 THE DESIGN OR FACTORY AND INDUSTRIAL BUILDINGS 


All dimensions should be figured, caie being taken that the inter- 
mediate dimensions when added tally with the overall ones, and m a 
good set of drawings the application of the scale should be almost un- 
necessary 

The use of laige scale and isometiic sketches of intricate details 



will often be a great help to the foreman, and may save mistakes 
and delay m the progress of the work, and especially in steel and 
reinforced concrete woik, plans, sections, and elevations of all sides 
of membeis and their connections to each other are desirable. 

The colouring of drawings tends to make them more easily read, 
but a gi eater use of cioss hatching of various forms would often save 
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much time when a number of copies of each drawing aie lequned 
In all cases where drawings aie coloured the same colour should in- 



variably indicate the same material, and a copy of the colour chart 
supplied, to the contractor, -who should receive the whole of the draw- 
ings required at the commencement of the job 
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representative factory and industrial buildings. 

The Spirella Company’s Works, Letchworth. — This build- 
ing not only piovides for tho workrooms and offices of tlio company, 
but recreation- rooms, rest-rooms, gymnasium, root-garden, class- 
rooms, bathrooms, and a large concert hall, with seating accom- 
modation foi 1000 persons are provided for tho employeos. 

Thel structure at present consists of two blocks, and as tho busi- 
ness increases it is pioposed to add a further block to form a hollow 
square. The first is 172 ft long by 55 ft wide, and is almost en- 
tirely devoted to the business of tho company. Tho basement is 
used for stores, the ground llooi as ofbeos, and the first floor and 
gallery as^workrooms, whilst the top floor adjoining tho roof-garden 
is used as rest and leereation-rooms. 

The second block is 115 ft by 55 ft , and the concert hall occupies 
its top floor 

Fig. 50 shows tlio exterior of tho building, by which if will bo 
seen that it is faced with brickwork with concrete window sills and 
heads showing on surface. A unique feature of the elevation is tho 
top floor of tho end pavilions, which extends out to the face ol the 
projecting bays below'. This floor and the enclosing wall are carried 
on a deep i beam supported by reinforced cantilevers projecting fiom 
the wall below 

With tho exooption ol the enclosing Iniok walls, the whole of tho 
structure is of reinforced concrete, of which the most interesting 
feature is the roof over concert hall. This is roofed with a ooueioto 
slab lestmg on arched beams springing from wall to wall, and those 
have eight longitudinal stiffening beams 10 ms. by (i ins. between 
them. Owing to tho largo span a depth of 36 ins. was necessary for 
these arched beams, and to obviate an excessive depth showing in 
the hall they project above the general roof surface. 

The loof itself consists of a 8-£ in. slab, and tho whole surface, iu- 

( 104 ) 
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eluding the projecting beams, is finished with asphalt To take away 
trom the monotony of the long arched loof two reinforced concrete 
domes have been formed (see Pig. 55) 

Another feature worthy of note is the galleiy on the fiist floor of 
block No 1, which runs down the middle of the room instead of being 


. / 

r 




11 


f.T 




aiii 


b 


II 




' ! :1 ■■■■ . 




‘A: 


fill 


attached to the outer walls The use of a central gallery is common 
in America, and the lighting results gained from its use as compared 
with the central well not top lighted, justify its extended use m future 
factories m this country. 

The architect for the work was Mr. 0. H Hignett, Lie. 
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of Letchwoith, and the engineers for the reinforcement The Indented 
Bar and Conciete Co of London. 

Factory, Tottenham Court Road. — This building is noteworthy 



as an example of a factoiy building erected in a main street in the 
heart of London 

At piesent only a poition of the complete structure is finished, 



REPRESENTATIVE FACTORY AND INDUSTRIAL BUILDINGS 107 


but Fig 56 shows the proposed completed elevation The building 
contains both the woikshops and the offices for the company, and 
possesses several interesting features. 

Fresh air to the looms is admitted through gratings or cast-lion 
pierced bosses formed m the panels below windows to a duct which 
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Throughout the building the air inlet is at ceiling level and out- 
let at or neai floor, and thus no possibility exists of woikers inhaling 
dust given off by machines Moieovei, to prevent annoyance of 
sheets of cold an fiom the windows falling on the workers at the 



benches, an airangement of hot pipes keeps a layer of warmed air 
between the glass and the worker. 

In order to eliminate the waste of furnace gases and heat that 
would otherwise pass away m chimney an economiser system of 
heating is installed which heats the whole of the basement. 




Fig. 54. — The girls’ rest-rooiiij the Bpirella woihs, Letehworth. (G H Hignett, Lie B I B A , Aichiteet } 
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age of air to all 100ms is effected by forming louvres in the 
of all doors to staircase, and oil the loof above the stairs a 
Jiaust fan chamber is formed 



pie lighting is provided throughout, but to give a maximum of 
it to the basement a bulkhead is formed on the ground floor 
ntmuous pavement lights constructed m footway, and in order 


56, — Factory, Tottenham Gourt Hoad (Hobden & Porn, Architects, ) 
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Fig 57 -204-8 Tottenham Court Road. 
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(Hobdon & Pom, Architects ) 
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an* or rmr noon 
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to obviate the necessity ot a B S J at the pavement level, the inner 
edge of the pavement lights is supported on an angle iron suspended 
fiom a 6 in x 5 in B.S J fixed behind sfcallboard 

The building is of steel-fiamed constiuction throughout, with 



Urn, (JO, — 'Warehouse, Stamford Street, S E. (A Sykes, F K 1 B A , Aiohiteot ) 


stancheons in all piers except those at ends of party walls and at 
corners of streets. The ground, first, and second floors aie of con- 
crete reinforced with 2 m. x 2 m x i Ts spaced 20 ins apart, 
whilst the remainder of floors and roofs have reinforcement of Mon- 
lithcrete joists. 
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Longitudinal .Section 
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The elevations are of Portland stone, the panels between windows 
being cast non 

The aichiteets foi the buildings were Messis Hobden k Poiri, of 
37a Fmsbuiy Square, E 0 



Fig 09 —Vault under pavement, warehouse, Stamford Street, S R 
(A Sykes, FRI.B A, Architect.) 


Warehouse, Stamford Street. — This building was erected for 
Mr J Sainsbury for the storage of provisions, and except for the outer 
walls, which are of brick and stone, is of reinforced concrete construc- 
tion throughout 




Fig 64 — Factory at Birmingham (Buekland, Haywood & Farmei, Architects ) 
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Its position close to the uvei Thames necessitated great care ii 
the design of the foundations, and as far as possible the party wall* 
and piers weie earned on continuous inveited T beams. 

The building consists of basement with six floois over, and pavilions 
containing dmmg-iooms, lift machinery, and a icinfoiced concrete 



tank foi 15,000 gallons of water aie lonned at ends of stmctuio above 
geneial loof level. 

The basement is about 187 ft. long by 75 it. wide, and the two walls 
abutting on stieets aie of reinforced concrete varying from 6 to 8 ins. 
thick and stiffened b} 10 x 10 veitical beams tied to basement floor 
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and to a horizontal beam at top p These honzontal beams also sup- 
port the footway and the pavement lights 

The whole building was tanked with asphalt, and to save space 
a 4.4 m wall was built in sections next eaith, timbeied as soon as 
complete, and the asphalt applied to wall immediately befoie conciete 
was filled in 

As will be seen fiom section, Fig 62, the ground floor is raised 
about 4 ft. above pavement, and thiee large loading caitwajs aie 



Fit, 00 — Messrs Ralh Bros’ warehouse, Manchester (W & Cf. ILgguv 
bottom, Architects ) 


constructed fiom street mto the building, so that floors of lorries are 
at about the level of giound floor of building These cartway docks 
are capable of carrying the heaviest type of loaded lorries and consist 
of a 5 m. slab resting on mam and secondary beams, the slab being 
finished with 4 m granite cubes. 

The lift wells are enclosed with slabs of concrete 3 ms. thick, 
reinforced both horizontally and vertically 

Except for the necessary cross walls, which are fitted with double 
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fire-resistmg doois, the building is designed for open fioois to cany 
a load of 4 cwt per sup ft 

Over the top floor a lemfoieed conciete lantern iuns almost the 
whole length of building, and is shown m Fig G2, 

The stiiicture was tested to 1-J- times the woilung load on thiee 



floors simultaneously, and the maximum deflection of main beams 
was but g-jVu of span The architect foi the building was Mr 
A Sykes, of Finsbury Pavement, E.C 

Factory at Birmingham. — This building, which is one of the 
laigest factories m the Midlands, consists of four blocks, each 299 ft. 
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7 ins. long by 50 ft wide (inside dimensions) Cleaning rooms 22 ft. 
by 29 ft project from blocks 1, 3, and 4 into the areas between the 
various blocks These areas are 32 ft. wide, and across each of them 
at the first and second floor levels three bridges are formed, thus 
giving access from one block to another. Staii cases and lifts are 
constructed m the areas adjoining the budges, and on either side of 
them, and the possibility of fire spreading from one door to another 
or from one block to another is practically eliminated At one end 





Fig 68. — Messrs Ralli Bros’ watehouse, Manchester (W <fc G lliggin- 
hottom, Architects ) 



of the factory are two one-story buildings, containing muiHe furnaces, 
boilers, and generators The first, 63 ft 4 ins. wide, extends the full 
width of blocks 1, 2, and 3, and the areas between them, whilst the 
second is an extension of block 4, measures 50 ft by 63 ft 4 ms., and 
carries on its roof a water tank with a capacity of 35,000 gallons of 
water. 

The construction throughout is of reinforced concrete, and the 
building is designed on a unit plan with maximum daylight lighting. 
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Fig. 70. 
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The site was mostly made-up ground and a good foundation was 
only found at considerable depth. The foundations are stepped in 
places and consist of reinforced inverted 5 beams, which mn the 



fe : - . : ’.v. . . . . . . 

TTiq 72 — The Pall Blall Depository, North Kensington (W Cl Hunt, 
F B I B A , Architect ) 


•whole length o£ building both under oential and wall piers These 
piers, spaced at 10 ft centres, aie tied together at roof by beam 
running around blocks The ground flooi consists of a reinforced 
concrete slab entirely independent of walls and columns, and should 
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the made-up ground subside, the slab would adjust itself to the new 
level. 

The first floor slab rests on secondaiy beams at 5 ft. centies and 
is 4 ms thick The loof trusses aie of steel, 50 ft span, and 
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1 "THe-Pall Mall Dafe- Deposit* 
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Eio 73. 


support the light asbestos roofing slates with which the building 
is covered 

The staircase and lift-wells are encased by 14 in brick walls 
carried by beams at ground floor level. These beams rest on columns 
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on separate foundations carried down to the clay, and the columns 
next budges are canied up to the roof and suppoit reinforced con- 
crete tanks over the second flooi in two cases. These tanks are 
constructed to hold 1500 gallons of water. 



The bridges between stairs and lifts consist of a 4 in. slab of 6 ft 
span, supported on secondary beams resting on the main beams 
carried on the columns. Sinkings 12 ins. deep are formed in the 

9 
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flooLS of the bridges for weighing machines, and thus all woik coming 
from the factoiy can be weighed before entering the lifts 

The architects for the works were Messis. Buckland, Haywood, 



& Farmer of Birmingham, and The Indented Bar Go. of Westminstoi 
weie responsible for the details of the reinforcement. 

Warehouse, Manchester,' — This building was erected foj 
Messrs Balli Bros, for the storage of cotton, and is noticeable oi 
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account of jthe whole of the structural work in it being of rein- 
forced conciete 

No extraneous materials have been introduced foi effect, and ex- 



cept for the curved pediments and cornices every line is the outcome 
of the material employed to the structural necessities of the building 
The external walls are left as they appeared when the timbering was 
removed, and with the exception of part of entrance front and a 
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brick party wall the structure is entirely of concrete and steel. By 
forming the walls of this matenal a great saving of space was 



effected ; for the external walls are but 7 ins. thick up to cornice and 
5 ins. above that point. Where rustication is introduced, however, 
the thickness is 11 ins. 


TT-ra 77 — A tim'hpr-fm-mpf! farfavrv 



mu 
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The plan (Fig 70) and section (Fig 71) show the building to be 
roughly 300 ft. long by 100 ft wide, with nine floois and a flat roof. 


; £ 
- i 



This roof has been designed to serve as a floor should extensions be- 
come necessary, and all walls and stancheons are calculated to carry 


Fig 78 — A timber-framed factory 
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such extra loads. Seven of these floors aie cantilevered out over the 
river for 6 ft. beyond the lower floors, and the shelters for barges are 



also carried on reinforced cantilever beams united to the main floor 
beams and extending 15 ft. beyond the 6 ft. already mentioned. The 


Fig. 79 — A timber-framed factory 
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purlins for carrying the glazing to these shelters and also the canti- 
levers on the street side of the building are of reinforced concrete 
construction 


* 



Fig 80 —Boot warehouse, Penlonville Road, London. (A Sykes, ' 
F R I B A , Architect ) 


The first floor possesses an interesting feature in that it was de- 
sired to omit one of the stancheons to give a large clear unobstructed 
office. This was done by forming a truss on floor over and thus 
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transfer! mg the load from foul floors above to the piers at sides which 
iuh direct to basement 

The architects foi the woik weie Messrs WAG Higginbotfom 



of Manchester, and the reinforced concrete was carried out to the 
lesigns of The Indented Bar and Concrete Engineering Co. of West- 
minster. 

The Pall Mall Depository, North Kensington,— This building 
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is designed as a complete reinforced conciete fiame, and every floor 
is constiucted as a separate building in itself 

The staircase and lift giving access to them are kept free fiom the 



i 


r l l L l l i 

1 - * ' * V V 

parts used for storage, and this elimination of the stairs and lift-wells 
running from bottom to top of building greatly obviates the risk of fire 
spreading from one floor to another. 

How great this danger is may be appreciated from the fact that 
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the fire insurance companies have regarded each floor of each block 
as a separate structure, theieby enabling them to accept a rate very 
considerably below the normal , not only for the building itself, but 
for the whole of the contents stored therein The building consists 
of two blocks 100 ft by 36 ft 6 ms and 100 ft. by 42 ft. respectively,, 
with an open area 35 ft 6 ms. wide between them In this area are 
placed the staircase and lifts, and budges of fire-resisting construc- 
tion 12 ft 6 ms wide lead from them to the floors of depositories. 
Double non doors cut off each of these units from the budges them- 
selves, and as a further means of safety hydrants aie placed at each 
flooi level upon the bridges. 

The architect foi the work was Mr W. G Hunt, PE I.B A., of 
57a Cromwell Boad, and the whole of the reinforced concrete woik 
was earned out m accordance with the system of The Consid6re Con- 
struction Co of Westminster. 

Factory for Messrs. Carraras, City Road, E.C. — This building, 
except for the external and party walls, is entirely of lemfoiced con- 
crete construction, and consists of basement, ground, and three floors 
ovei It is a stnkmg example of the speed with which reinforced 
concrete construction can be carried on, for the building was carried 
fiom basement to roof m less than ten weeks As each of the five 
floors covers an aiea of some 11,200 sup. ft , the execution of the 
work at the rate of fourteen days per story is a refutation of the 
critics who hold that the use of reinforced concrete causes delay in 
building operations 

The general lay-out is shown by the plan (Pig. 75), and d may be 
of interest to state that all pieis and supports have been designed 
and erected of sufficient strength to carry future floors 

The architects foi the work were Messrs. Hobden & Porri of 
Pmsbuiy Square, and the lemforced concrete work was earned out 
to the designs of Messrs L G Mouchel & Partners of Victoria Street, 
Westminster. 

A Timber** framed Factory. — This building was designed to be 
elected entirely of timber, and Pig. 79 shows full details of type of 
construction adopted 

The external walls were of old brickwork, and were raised to keep 
out weather, but the whole of the weights of building and machinery 
were to be carried by the built-up timber posts placed against walls 
and at edge of gallery 

The architects for the work were Messrs. John S. Quilier & Son 
of 13 John Street, Adelphi. 

Boot Warehouse, PentonviUe Road, London.— This building 
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was erected for Messis Lilley & Skinner, Ltd , and is situated on the 
north side oi Pentonville Eoad As will be seen from the plan, the 
building coveis an area of about 21,000 sup ft , and consists of base- 
ment, ground, and live floors over. 
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Fig 88 

Externally the building is of buck and stone, but otherwise the 
whole of the structure is of reinforced concrete 

The architect for the work was Mr. A Sykes, E E I B A , of Fins- 
bury Pavement, E C , and the concrete work was earned out to the 
designs of Messrs L G Mouchel & Partners of Westminster 

Messrs. Harrods Depository, Barnes. — This building was 
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erected for Messis. Hairods of Brompton Boad, and is but the 
central block of what will be one of the largest depositories in this 
country 

The building at piesent consists of giound and four floors ovei, and 
except for brick and stone wall fillings is entirely of reinforced concrete 
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Fig 84 

construction It measuies approximately 100 ft. x 112 ft., and is 
divided into three separate and distinct buildings on each floor, and a 
reference to plan (Fig. 84) shows the geneial arrangement and placing 
of fire lobbies, lifts, and stancase. The most noteworthy features of 
the structure are the large lift and the cantilevered galleries at rear, 
which are shown m Fig 85 This lift runs the whole height of 
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Fig 86 — The Tilling- Stevens Engineering Works {Wallis Gilbert & Partners, Architects ) 
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building and allows the removal vans to be elevated to the floor to 
which goods are to be stored The architect lor the building was Mi. 
W G Hunt, F.R I B A., of 57a Cromwell Boad, S W 
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The Tiiling-Steven Engineering Works, Maidstone, Kent. — 

This building has been but recently completed, and Fig 87 
shows the general lay-out of the whole structure, from which it will 
be seen that it is planned on the unit sytsem. 
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The building stands on a site between the public road and the 
river, thus allowing the possibility of using both land and water trans- 
port. A roadway passing ovei a weighbridge runs along one side to 
the wharf at rear and a laige bay is provided for unloading 

The coal stores, boiler house, and a private garage are placed on 



one side of this roadway, and offices, lift, etc., on the side abutting the 
factory Qn the first floor these, together with the space occupied by 
the roadway, are carried up as adjuncts to the main block, and on 
alternate floors serve as first-aid rooms, rest-room for women, and 
lavatories for both sexes 
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The general disposition of the factory block is as follows — 
Ground Floor — Receiving, testing, and despatch departments, with 



on A « 


time-keeper's offices, etc These take but a small proportion of the 
whole, and the lemamder is occupied by assembly shop 
First Floor. — Fitting shop and lavatory annexe. 

Second Floor. — Partial assembly shop, appropriated store, etc 

10 


Fig S9 
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Third Floor — -Machine shop and lavatoiy annexe 

Fourth Flooi — Machine shop and messiooms 

In all floors biackets have been loimed duiing the lomforeod con- 



struction, and beams have been arranged so that the pulley wheels 
are close up to the underside of the floors, in order to give as much 
clear headroom as possible 

A reference to the elevation shows that the maximum daylight 
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lighting has been provided, and whatever artificial light is required 
will be by electricity 

Ample staircases are provided, and as will be seen from the plan, 



the employees have three alternative means of escape should a fire 
break out at any point in the building. 

All lavatory walls are finished with white glazed tiles, and great 
care has been taken to make the sanitary arrangements scientifically 
up to date. 
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The architects for the building aie Messis Wallis G 
Partners of Caxton House, Westmmstei, and the whole oJ 
mforced concrete has been designed by The Trussed Conor* 
Co of Westmmstei 



The Ford Motor Works, Hammersmith. — This huildi 
been lately erected as the London head- quarters of the Ford 
Co , and is entirely of reinforced concrete construction 
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RECREATION GROUND 
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Fig 94 : —Hew works for Messrs J Tylor & Sons, Ltd , Hew Southgate (Wallis Gilbert & Partners, Architects ) 
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The fiont elevation and part of one of the letum walls are faced 
with red brick and artificial stone dressings, whilst the southern wall 



has led brick panels filled m between the constructional members, but 
otherwise the reinforcement work is left showing. 
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The building as elected is but a portion of the completed scheme 
which will consist of five stones and the suppoitmg piers, and founda- 
tions have been designed and constructed to cany the lutuio loads 
that will come upon them 



The building is approximately 221 ft by 122 ft , exclusive of the 
loading platfoim at "rear, and is planned on a unit system of 25 ft. by 
25 ft bays, thus dividing jthe structure into 15 divisions 

The ground floor is occupied by garage and repair shop, but at 
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north-east cornel , a well-lit showioom and the entiance to offices is 
provided These latter occupy a part of the first flooi, wheie are also 
the welfare rooms and the fust-aid rooms, but othei wise the remamdei 
of the uppei story is used as machine and lepan shops 



Two large electric lifts are provided to take cars 1 from one door to 
another, and on ground floor a large washing space is provided in the 
garage. 
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The heating chamber is m basement, and large blinker space for 
coal is formed under the loading platform in which six coal shoots 
aie formed to allow the fuel to bo delivered direct fiom railway 
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waggon to store This loading platform is 14 ft. wide, ext ends l full 
length of back elevation, and has a railway siding abutting upon 
it It is covered with a glazed roof resting on reinforced concrete 
cantilevers 
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The bulk of the petrol is stored m a couciete underground tank m 
the yaid at north-west of building, and is delivered by the “ Bywatei J> 
system to the point requh ed Foi the purpose of charging the cars, 
one bay on front elevation has been enclosed, and forms a self-con- 
tained dock with ai mour ed doois between it and the garage, and 
should theiefore any car fire during filling the outbreak is localized to 
one bay 

The architects, who also designed the whole scheme foi the re- 
infoi cement, are Messrs. Ghas Heathcote & Sons of Manchester 
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Adjuncts of factory, 16 
An filtering, 37 
Architecture of factory, 98 
Asphalt, 24 

Balance -boom, 67 
Baths, 45 > 

□oiler-house, 3 ( J 

Bidding of several stones, 10 

Canteen dining-room, 74 
— ^floois, 87 

— kitchen, 83 

— larder, 84 

— office, 85 

— plan, 83. 

— rest-room, 87 

— stafi-ioom, 86 
Canteens, 4, 7^P 
Chemical drains, 66 

— laboratories, 62, 64 


Cubic Contents of biuldmgs, 8, 93 
Cupboards, 93 
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Roadways, 19 
Roofs, 24 

Sanitary arrangements, 18 
Sanitation, 41 
Schedule of woik, 15 
Shafting, 28 
Showiooms, 17 
Site of factory, 13 
Sketch drawings, 14, 61 
Spirella works, 72, 104 
Sprinklers, 94 
— drencher type, 94 
Staircases, 9, 26, 93 
Standardisation of units, 16 
Steam heating, 38 
Steel sashes, 92, 

Stoies, 53 

Temperature of factory, 40 
Temporary buildings, 50 
Tramways, 56 

Types of industrial buildings, 6. 
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— size of, 16 
Unuals, 44 

Ventilation, 35 

— of canteens, 88 
Vibration, 7, 21, 63 

Walls, 21 

Warehouse buildings, 53. 

drawings and descriptions of, 118, 
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W 0 ’s, 44. 

Washing troughs, 42 
Weather boaidmg, 50 
Welfare of eyes, 73. 

— works, 1, 69 
Windows, 22 

— arrangements for cleaning, 82 

— sashes, 92 
Wires, 28 
Wood paving, 50 t 
Working drawings, 100. 
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